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SEMICONDUCTOR MEMORY DEVICE FIG . 15 is a block diagram conceptually illustrating the 
THAT APPLIES SAME VOLTAGE TO TWO writing operation in the semiconductor memory device 
ADJACENT WORD LINES FOR ACCESS according to the first embodiment . 

FIG . 16 is a timing diagram illustrating various signals at 
CROSS - REFERENCE TO RELATED 5 the time of the writing operation in the semiconductor 

APPLICATION memory device according to the first embodiment . 
FIG . 17 is a timing diagram illustrating various signals at 

This application is based upon and claims the benefit of the time of the writing operation in the memory system 
priority from Japanese Patent Application No . 2015 - 040714 . according to the first embodiment . 
filed Mar . 2 . 2015 . the entire contents of which are incor - 10 FIG . 18 is a block diagram conceptually illustrating the 
porated herein by reference . writing operation in the semiconductor memory device 

according to the first embodiment . 
FIELD FIG . 19 is a timing diagram illustrating various signals at 

the time of the writing operation in the semiconductor 
Embodiments described herein relate generally to a semi - 15 memory device according to the first embodiment . 

conductor memory device and a memory system . FIG . 20 is a timing diagram illustrating various signals at 
the time of the writing operation in the memory system 

BACKGROUND according to the first embodiment . 
FIG . 21 is a block diagram conceptually illustrating the 

A NAND type flash memory in which memory cells are 20 writing operation in the semiconductor memory device 
arranged three dimensionally is known . according to the first embodiment . 

FIG . 22 is a timing diagram illustrating various signals at 
DESCRIPTION OF THE DRAWINGS the time of the writing operation in the semiconductor 

memory device according to the first embodiment . 
FIG . 1 is a block diagram illustrating a memory system 25 FIG . 23 is a timing diagram illustrating various signals at 

according to a first embodiment . the time of a reading operation in the memory system 
FIG . 2 is a circuit diagram illustrating a block included in according to the first embodiment . 

a semiconductor memory device according to the first FIG . 24 is a timing diagram illustrating various signals at 
embodiment . the time of the reading operation in the semiconductor 

FIG . 3 is a sectional view illustrating the block included 30 memory device according to the first embodiment . 
in the semiconductor memory device according to the first FIG . 25 is a timing diagram illustrating various signals at 
embodiment . the time of the reading operation in the memory system 

FIG . 4 is a table indicating a method of allocating page according to the first embodiment . 
addresses in a normal block included in the semiconductor FIG . 26 is a timing diagram illustrating various signals at 
memory device according to the first embodiment . 35 the time of the reading operation in the semiconductor 

FIG . 5 is a circuit diagram conceptually illustrating a the memory device according to the first embodiment . 
method of allocating page addresses in the normal block FIG . 27 is a timing diagram illustrating various signals at 
included in the semiconductor memory device according to the time of the reading operation in the semiconductor 
the first embodiment . memory device according to the first embodiment . 

FIG . 6 is a table indicating a method of allocating page 40 FIG . 28 is a timing diagram illustrating various signals at 
addresses in an A - type block included in the semiconductor the time of an erase verifying operation in the memory 
memory device according to the first embodiment . system according to the first embodiment . 

FIG . 7 is a circuit diagram conceptually illustrating the FIG . 29 is a timing diagram illustrating various signals at 
method of allocating page addresses in the A - type block the time of the erase verifying operation in the semiconduc 
included in the semiconductor memory device according to 45 tor memory device according to the first embodiment . 
the first embodiment . FIG . 30 is a timing diagram illustrating various signals at 

FIG . 8 is a table indicating a method of allocating page the time of the erase verifying operation in the memory 
addresses in a B - type block included in the semiconductor s ystem according to the first embodiment . 
memory device according to the first embodiment . FIG . 31 is a timing diagram illustrating various signals at 

FIG . 9 is a circuit diagram conceptually illustrating the 50 the time of the erase verifying operation in the semiconduc 
method of allocating page addresses in the B - type block tor memory device according to the first embodiment . 
included in the semiconductor memory device according to FIG . 32 is a timing diagram illustrating various signals at 
the first embodiment . the time of the erase verifying operation in the semiconduc 

FIG . 10 is a conceptual representation of a block table t or memory device according to the first embodiment . 
included in the semiconductor memory device according to 55 FIG . 33 is a circuit diagram illustrating a memory cell 
the first embodiment . array . 

FIG . 11 is a circuit diagram illustrating a row decoder and FIG . 34 is a circuit diagram illustrating the memory cell 
a driver circuit included in the semiconductor memory array in the semiconductor memory device according to the 
device according to the first embodiment . first embodiment . 

FIG . 12 is a circuit diagram illustrating a block decoder 60 FIG . 35 is a circuit diagram illustrating the memory cell 
included in the semiconductor memory device according to array in the semiconductor memory device according to the 
the first embodiment . first embodiment . 

FIG . 13 is a flow chart illustrating an operation of the FIG . 36 is a flow chart illustrating a method of reading 
memory system according to the first embodiment . block information in a semiconductor memory device 

FIG . 14 is a timing diagram illustrating various signals at 65 according to a second embodiment . 
the time of a writing operation in the memory system FIG . 37 is a block diagram illustrating the semiconductor 
according to the first embodiment . memory device according to the second embodiment . 
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FIG . 38 is a block diagram illustrating the semiconductor on " upper ” surface of the substrate . The exemplary term 
memory device according to the second embodiment . " upper ” , may therefore , encompasses both an orientation of 

FIG . 39 is a block diagram illustrating the semiconductor “ lower ” and “ upper , ” depending on the particular orientation 
memory device according to the second embodiment . of the figure . Similarly , when the structure in one of the 

FIG . 40 is a block diagram illustrating the semiconductor 5 figures is turned over , elements described as “ below ” or 
memory device according to the second embodiment . " beneath ” other elements would then be oriented " above ” 

FIG . 41 is a circuit diagram illustrating a block decoder the other elements . The exemplary terms “ below ” or 
included in a semiconductor memory device according to a “ beneath ” may , therefore , encompass both an orientation of 
modification of the first embodiment and the second above and below . embodiment . 10 Embodiments are described herein with reference to cross 

DETAILED DESCRIPTION section and perspective illustrations that are schematic illus 
trations of the embodiments . As such , variations from the 
shapes of the illustrations as a result , for example , of Embodiments now will be described more fully herein 

after with reference to the accompanying drawings . In the 15 manufacturing techniques and / or tolerances , are to be 
drawings , the thickness of layers and regions may be exag expected . Thus , embodiments should not be construed as 
gerated for clarity . Like numbers refer to like elements limited to the particular shapes of regions illustrated herein 
throughout . As used herein the term “ and / or ” includes any but are to include deviations in shapes that result , for 
and all combinations of one or more of the associated listed example , from manufacturing . For example , a region illus 
items and may be abbreviated as “ l ” . 20 trated or described as flat may , typically , have rough and / or 

The terminology used herein is for the purpose of describ - nonlinear features . Moreover , sharp angles that are illus 
ing particular embodiments only and is not intended to be trated , typically , may be rounded . Thus , the regions illus 
limiting of the invention . As used herein , the singular forms trated in the figures are schematic in nature and their shapes 
" a , " " an ” and “ the ” are intended to include plural forms as are not intended to illustrate the precise shape of a region 
well , unless the context clearly indicates otherwise . It will be 25 and are not intended to limit the scope of the present 
further understood that the terms “ comprises , " " compris - invention . 
ing , ” “ having , ” “ includes , " " including ” and / or variations Embodiments provide a semiconductor memory device Embodiments provide a semiconductor memory device 
thereof , when used in this specification , specify the presence and a memory system which are capable of efficiently 
of stated features , regions , steps , operations , elements , and reducing defects . 
or components , but do not preclude the presence or addition 30 According to the exemplary embodiment , a semiconduc 
of one or more other features , regions , steps , operations , tor memory device includes a block of memory cells includ 
elements , components , and / or groups thereof . ing first , second , and third memory cells , a first word line 

It will be understood that when an element such as a layer electrically connected to a gate of the first memory cell , a 
or region is referred to as being “ on ” or extending " onto ” second word line electrically connected to a gate of the 
another element ( and / or variations thereof ) , it may be 35 second memory cell , a third word line electrically connected 
directly on or extend directly onto the other element or to a gate of the third memory cell , and a control circuit 
intervening elements may also be present . In contrast , when configured to access the block in one of at least first and 
an element is referred to as being “ directly on ” or extending second modes to perform an operation thereon . When the 
“ directly onto ” another element ( and / or variations thereof ) , control circuit accesses the block in the first mode , the same 
there are no intervening elements present . It will also be 40 voltage is applied to the first and second word lines through 
understood that when an element is referred to as being out the operation , and when the control circuit accesses the 
“ connected ” or “ coupled ” to another element ( and / or varia - block in the second mode , the same voltage is applied to the 
tions thereof ) , it may be directly connected or coupled to the second and third word lines throughout the operation . 
other element or intervening elements may be present . In Hereinafter , embodiments will be described with refer 
contrast , when an element is referred to as being " directly 45 ence to the drawings . Note that , components which have the 
connected ” or “ directly coupled ” to another element ( and / or same function and configuration are denoted by the same 
variations thereof ) , there are no intervening elements pres - reference numerals in the following description . 
ent . 

It will be understood that , although the terms first , second , 1 . First Embodiment 
etc . may be used herein to describe various elements , 50 
components , regions , layers and / or sections , such elements , A semiconductor memory device and a memory system 
materials , regions , layers and / or sections should not be according to the first embodiment will be described . In the 
limited by these terms . These terms are only used to distin - following description , as a semiconductor memory device , a 
guish one element , material , region , layer or section from three - dimensional stacked NAND type flash memory in 
another element , material , region , layer or section . Thus , a 55 which memory cells are three - dimensionally stacked on a 
first element , material , region , layer or section discussed semiconductor substrate is depicted . 
below could be termed a second element , material , region , 1 . 1 Configuration 
layer or section without departing from the teachings of the 1 . 1 . 1 Entire Configuration of Memory System 
present invention . First , the entire configuration of a memory system which 

Relative terms , such as “ lower ” , “ back ” , and “ upper ” may 60 includes the semiconductor memory device according to the 
be used herein to describe one element ' s relationship to embodiment is schematically described with reference to 
another element as illustrated in the Figures . It will be FIG . 1 . FIG . 1 is a block diagram illustrating the memory 
understood that relative terms are intended to encompass system according to the embodiment . 
different orientations of the device in addition to the orien - As illustrated in FIG . 1 , the memory system 1 includes a 
tation depicted in the Figures . For example , when the 65 NAND type flash memory 100 and a controller 200 . The 
structure in the Figure is turned over , elements described as NAND type flash memory 100 and the controller 200 may 
being on the “ backside ” of substrate would then be oriented be integrated as one semiconductor device , for example . 
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Examples thereof include a memory card such as SDTM card , is transmitted to the NAND type flash memory 100 as the 
and a solid state drive ( SSD ) . input and output signals I / O . Further , at the time of the 

The NAND type flash memory 100 includes a plurality of reading operation , a read command issued by the processor 
memory cells , and stores data in a non - volatile manner . The 230 is transmitted to the NAND type flash memory 100 as 
controller 200 is connected to the NAND type flash memory 5 the input and output signal I / O , and the data read from the 
100 via a NAND bus , and connected to a host apparatus 300 NAND type flash memory 100 is received through the 
via a host bus . In addition , the controller 200 controls the NAND interface circuit 250 as the input and output signals 
NAND type flash memory 100 , and accesses the NAND 1 / 0 and transmitted to the buffer memory 240 . 
type flash memory 100 in response to a command received The buffer memory 240 temporarily stores the write data 
from the host apparatus 300 . The host apparatus 300 is , for 10 or the read data . 
example , a digital camera , a personal computer , or the like . The internal memory 220 is , for example , a semiconduc 
and the host bus is , for example , an SDTM interface bus . tor memory such as DRAM , and used as a working memory 

The NAND bus transmits signals to and from an NAND of the processor 230 . In addition , the internal memory 220 
interface . Specifically , examples of this signal include an stores firmware or various management tables in order to 
address latch enable signal ALE , a command latch enable 15 manage the NAND type flash memory 100 . 
signal CLE , a write enable signal WEn , a read enable signal 1 . 1 . 3 Configuration of NAND Type Flash Memory 100 
REn , ready / busy signals RBn , and input and output signals 1 . 1 . 3 . 1 Entire Configuration of NAND Type Flash 
I / O . Memory 100 

The signals CLE and ALE are signals notifying the Next , the configuration of the NAND type flash memory 
NAND type flash memory 100 that each of the input signals 20 100 will be described . As illustrated in FIG . 1 , the NAND 
I / O which is transmitted to the NAND type flash memory type flash memory 100 includes a memory cell array 110 , 
100 is respectively a command and an address . The signal row decoders 120 ( 120 - 0 to 120 - 3 ) , driver circuits 130 
WEn is a signal which is asserted at a low level , and is for ( 130 - 0 to 130 - 3 ) , a sense amplifier 140 , an address register 
inputting the input signal 1 / 0 into the NAND type flash 150 , a command register 160 , and a sequencer 170 . 
memory 100 . The signal REn is also asserted at the low 25 The memory cell array 110 includes a plurality of non 
level , and is for reading out the output signal 1 / 0 from the volatile memory cells , each of which is associated with a 
NAND type flash memory 100 . The ready / busy signal RBn row and a column , and grouped into , for example , four 
represents whether the NAND type flash memory 100 is in blocks BLK ( BLKO to BLK3 ) . In addition , the memory cell 
a ready state ( in a state of receiving a command from the array 110 stores data transmitted from the controller 200 . 
controller 200 ) or a busy state in a state in which a 30 The row decoders 120 - 0 to 120 - 3 are provided corre 
command cannot be received from the controller 200 ) , and sponding to each of blocks BLKO to BLK3 , and select a row 
a low level represents a busy state . The input and output direction in the corresponding block BLK . 
signals I / O are , for example , 8 - bit signals . In addition , the The driver circuits 130 - 0 to 130 - 3 are provided so as to be 
input and output signals I / O represent data which is trans - associated with each of the row decoders 120 - 0 to 120 - 3 , 
mitted and received between the NAND type flash memory 35 and output a voltage to each of the blocks BLKO to BLK3 
100 and the controller 200 , and examples thereof include a via the corresponding row decoders 120 - 0 to 120 - 3 . 
command , an address , write data , and read data . The sense amplifier 140 senses data read from the 

1 . 1 . 2 Configuration of Controller 200 memory cell array 110 , and outputs data DAT to the con 
Subsequently , the configuration of the controller 200 will troller 200 at the time of reading data . At the time of writing 

be described in detail with reference to FIG . 1 . As illustrated 40 data , write data DAT received from the controller 200 is 
in FIG . 1 , the controller 200 includes a host interface circuit transmitted to the memory cell array 110 . 
210 , an internal memory ( RAM ) 220 , a processor ( CPU ) The address register 150 retains an address ADD received 
230 , a buffer memory 240 , and an NAND interface circuit from the controller 200 . The command register 160 retains 
250 . a command CMD received from the controller 200 . 

The host interface circuit 210 is connected to the host 45 The sequencer 170 controls the entire operation of the 
apparatus 300 via the host bus , and transmits the command NAND type flash memory 100 based on the command CMD 
and data which are received from the host apparatus 300 to which is retained in the command register 160 . 
each of the processor 230 and the buffer memory 240 . In 1 . 1 . 3 . 2 Configuration of Block BLK 
addition , data in the buffer memory 240 is transmitted to the Next , the configuration of the block BLK will be 
host apparatus 300 in response to the command of the 50 described with reference to FIG . 2 . FIG . 2 is a circuit 
processor 230 . diagram of the block BLK . 

The processor 230 controls the entire operation of the As illustrated in FIG . 2 , the block BLK includes , for 
controller 200 . For example , when receiving a write com - example , four fingers FNG ( FNGO to FNG3 ) . In addition , 
mand from the host apparatus 300 , in response to the each of the fingers FNG includes a plurality of NAND 
reception , the processor 230 issues the write command 55 strings NS . 
through the NAND interface circuit 250 . The same is true for Each of the NAND strings includes , for example , 24 
a case of reading and erasing operations . In addition , the memory cell transistors MT ( MTO to MT23 ) , dummy tran 
processor 230 performs various processes such as wear sistors DT ( DTO to DT3 ) , and select transistors ST1 and 
leveling so as to manage the NAND type flash memory 100 . ST2 . The memory cell transistor MT includes a control gate 

The NAND interface circuit 250 is connected to the 60 and a charge storage layer , and stores data in a non - volatile 
NAND type flash memory 100 via the NAND bus , and manner . In addition , the memory cell transistors MT are 
communicates with the NAND type flash memory 100 . In connected to each other in series between a source of the 
addition , the signals ALE , CLE , WEn , and REn are output select transistor ST1 and a drain of the select transistor ST2 . 
to the NAND type flash memory 100 based on the command Although the dummy transistor DT has the same configu 
received from the processor 230 . In addition , at the time of 65 ration as that of the memory cell transistor MT , the dummy 
the writing operation , a write command issued by the transistor DT does not store data , but simply functions as a 
processor 230 , and the write data in the buffer memory 240 current path during an operation . In addition , the dummy 
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transistors DTO and DT1 are connected to each other In addition , a pillar - shaped semiconductor 14 which 
between the drain of the select transistor ST2 and a source reaches the well region 12 bypassing through the wiring 
of the memory cell transistor MTO , and the dummy transis - layers described above is formed . A gate insulating layer , a 
tors DT3 and DT2 are connected to each other between the charge storage layer ( an insulating layer ) , and a block 
source of the select transistor ST1 and a drain of the memory 5 insulating layer , which are not illustrated in the drawings , 
cell transistor MT23 . are sequentially formed on the side surface of the semicon 

Agate of the select transistor ST1 in each of the fingers ductor 14 and these form the memory cell transistor MT , the 
FNGO to FNG3 is commonly connected to each of the select dummy transistor DT , and the select transistors ST1 and 
gate lines SGDO to SGD3 . In the same way , a gate of the ST2 . The semiconductor 14 functions as a current path of the 
select transistor ST2 in each of the fingers FNGO to FNG3 10 NAND string NS , and corresponds to a region on which a 
is commonly connected to each of the select gate lines SGSO channel in each of the transistors is formed . An upper end of 
to SGS3 . Meanwhile , the select gate lines SGSO to SGS3 the semiconductor 14 is connected to a bit line BL ( not 
may be combined into one . In addition , each of the control illustrated ) . An example of FIG . 3 illustrates four NAND 
gates of the memory cell transistors MT0 to MT23 in the strings NS for one finger FNG , which are connected to each 
same block BLK are commonly connected to each of word 15 of the bit lines BL which are different from one another . 
lines WLO to WL23 . An nt - type impurity diffusion layer 13 is formed on the 

Further , the respective drains of the select transistor ST1 surface region of the well region 12 . A contact plug LI is 
of the NAND string NS which are in the same row in the formed on the diffusion layer 13 , and the contact plug LI is 
memory cell array 110 are commonly connected to bit lines connected to a source line SL ( not illustrated ) . 
BL ( BLO to BL ( L - 1 ) ( ( L - 1 ) is a nature number of 1 or 20 The above - described configurations are arranged in the 
more ) . That is , the bit line BL is commonly connected to the depth direction of a sheet on which FIG . 3 is illustrated , and 
NAND string NS across a plurality of blocks BLK . Further , the fingers FNG are formed by assembling the plurality of 
sources of a plurality of the select transistors ST2 are NAND strings NS which are arranged in the depth direction . 
commonly connected to a source line SL . Meanwhile , the configuration of a memory cell array 111 

In other words , the fingers FNG are connected to the bit 25 may employ another configuration . The other configuration 
lines BL which are different from one another , and are an of the memory cell array 111 is disclosed in , for example , 
assembly of the NAND strings NS and are connected to the “ THREE - DIMENSIONAL STACKED NONVOLATILE 
same select gate line SGD . In addition , the block BLK is an SEMICONDUCTOR MEMORY ” of U . S . patent application 
assembly of the plurality of fingers FNG which employ a Ser . No . 12 / 407 , 403 , filed on Mar . 18 , 2009 , “ THREE 
common set of word lines WL . Also , the memory cell array 30 DIMENSIONAL STACKED NONVOLATILE SEMICON 
110 is an assembly of the plurality of blocks BLK which DUCTOR MEMORY ” of U . S . patent application Ser . No . 
employ a common set of bit lines BL . 12 / 406 , 524 , filed on Mar . 19 , 2010 , “ NON - VOLATILE 

The writing of data and the reading of data are collectively SEMICONDUCTOR MEMORY DEVICE AND MANU 
performed with respect to the memory cell transistor MT FACTURING METHOD THEREOF ” of U . S . patent appli 
which is connected to any one of the word lines WL in any 35 cation Ser . No . 12 / 679 , 991 , filed on Mar . 25 , 2010 , and 
one of the fingers FNG . This unit is referred to as a " page ” . “ SEMICONDUCTOR MEMORY AND MANUFACTUR 
In the example , it is assumed that one memory cell transistor ING METHOD THEREOF ” of U . S . patent application Ser . 
MT may retain 2 - bit data . In this case , the writing of data is No . 12 / 532 , 030 , filed on Mar . 23 , 2009 . The entire contents 
separately performed for lower - bit data and upper - bit data of of these applications are incorporated herein by reference . 
2 - bit data . Accordingly , an assembly of lower - bit data is 40 1 . 1 . 3 . 3 Type of Block BLK and Allocation of Address 
referred to as a “ lower page ” , and an assembly of upper - bit Next , the type of the block BLK and a physical address ( a 
data is referred to as an “ upper page ” . page address ) which is allocated to each page will be 

In addition , it is possible to erase data in units of the block described . 
BLK , or in units smaller than that of the block BLK . A The type of block BLK is one of a normal block , an 
method of erasing data is disclosed in , for example , " NON - 45 A - type block , a B - type block , and a bad block . A method of 
VOLATILE SEMICONDUCTOR MEMORY DEVICE ” of allocating page addresses will be changed depending on the 
U . S . patent application Ser . No . 13 / 235 , 389 , filed on Sep . type of the block BLK ( for example , the type selected 
18 , 2011 , “ NON - VOLATILE SEMICONDUCTOR STOR - among the normal block ( or the bad block ) , the A - type 
AGE DEVICE ” of U . S . patent application Ser . No . 12 / 694 , block , and the B - type block ) . The respective block types 
690 , filed on Jan . 27 , 2010 , and “ NON - VOLATILE SEMI - 50 described above will be described . In the following descrip 
CONDUCTOR MEMORY DEVICE AND DATA ERASE tion , for the sake of simple description , a case in which the 
METHOD THEREOF ” of U . S . patent application Ser . No . number of fingers FNG included in one block BLK is two 
13 / 483 , 610 , filed on May 30 , 2012 . The entire contents of will be described as an example . 
these applications are incorporated herein by reference . Normal Block 

FIG . 3 is a sectional view of a region of the block BLK . 55 First , the normal block is described with reference to the 
As illustrated in FIG . 3 , an n - type well region 11 is formed FIG . 4 and FIG . 5 . FIG . 4 is a table indicating a relationship 
on a surface region of a p - type semiconductor substrate 10 , of the finger FNG , the word line WL , and the upper page and 
and a p - type well region 12 is formed on the surface region the lower page with respect to the page address , and FIG . 5 
of the n - type well region 11 . In addition , the plurality of is a circuit diagram schematically illustrating FIG . 4 . 
NAND strings NS are formed on the well region 12 . That is , 60 In the normal block , the page address is allocated to each 
for example , four wiring layers which function as the select of the word lines WL1 in each of the fingers FNG . Since the 
gate line SGS , two wiring layers which function as dummy lower page and the upper page are is allocated to each of the 
word lines DWLO and DWL1 , 24 wiring layers which word lines WL , two page addresses of the lower page 
function as the word lines WLO to WL23 , two wiring layers address and the upper page the address are is allocated to 
which function as the dummy word lines DWL2 and DWL3 , 65 each of the word lines WL1 in each of the fingers FNG . 
and four wiring layers which function as the select gate line More specifically , as illustrated in FIG . 4 and FIG . 5 , first , 
SGD are sequentially stacked on the well region 12 . a first page address “ 00 ( indicated by a decimal digit ) " and 
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the next page address “ 01 ” of this block BLK are respec - WL ( 2i + 1 ) and WL ( 2i + 2 ) ( i is an integer between 0 and 10 ) 
tively allocated to the lower page and the upper page which are allocated to the page address as a set . 
correspond to the word line WL0 in the finger FNGO . Next , More specifically , as illustrated in FIG . 8 and FIG . 9 , first , 
the next page addresses “ 02 ” and “ 03 ” are respectively the first page address “ 00 ” and the next page address “ 01 ” 
allocated to the lower page and the upper page which 5 of this block BLK are allocated to the lower page and the 
correspond to the word line WL0 in the finger FNG1 . upper page which correspond to the word lines WL1 and 

Subsequently , the next page addresses “ 04 ” and “ 05 ” are WL2 in the finger FNGO . Next , the next page addresses " 02 " 
allocated to the lower page and the upper page which and “ 03 ” are allocated to the lower page and the upper page 
correspond to the word line WL1 in the finger FNGO . which correspond to the word lines WL1 and WL2 in the 
Further , the next page address " 06 ” and “ 07 ” are allocated 10 finger FNG1 . 
to the lower page and the upper page which correspond to Subsequently , the next page address “ 04 ” and “ 05 ” are 
the word line WL1 in the finger FNG1 . allocated to the lower page and the upper page which 

In addition , the page address “ 94 ” and the last page correspond to the word line WL3 and the word line WL4 in 
address “ 95 ” are allocated to the lower page and the upper the finger FNGO . Further , the next page addresses " 06 " and 
page which correspond to the final word line WL23 in the 15 " 07 " are allocated to the lower page and the upper page 
finger FNG1 . which correspond to the word line WL3 and the word line 
As described above , in the normal block , two pages are WL4 in the finger FNG1 . 

allocated with respect to each of the word lines WL in each In addition , the page address “ 42 ” and the last page 
of the fingers FNG . Accordingly , the total page numbers of address “ 43 ” are allocated to the lower page and the upper 
the block BLK including two fingers FNGO and FNG1 are 20 page which correspond to the word line WL21 and the word 
96 pages , and the page addresses “ 00 ” to “ 95 ” are allocated line WL22 in the finger FNG1 . 
to each page . Meanwhile , in the example , the page address is allocated 

A - Type Block to with respect to the final word line WL23 in the same 
Next , the A - type block will be described with reference to method of the normal block . That is , the page addresses “ 44 ” 

FIG . 6 and FIG . 7 . FIG . 6 and FIG . 7 illustrate an example 25 and " 45 " are respectively allocated to the lower page and the 
of the A - type block , and correspond to FIG . 4 and FIG . 5 upper page which correspond to the word line WL23 in the 
illustrated in the normal block . finger FNGO , and the page address “ 46 ” and the last page 

In the A - type block , the upper page address and the lower address “ 47 " are respectively allocated to the lower page and 
page address are allocated to every two word lines in each the upper page which correspond to the word line WL23 in 
of the fingers FNG . That is , in a case of the A - type block , 30 the finger FNG1 . The page address is not allocated to the 
two word lines WL are selected by one page address . word line WLO . 
More specifically , as illustrated in FIG . 6 and FIG . 7 , first . However , a case of the word lines WL0 and WL23 which 

the first page address “ 00 ” and the next page address “ 01 ” are respectively adjacent to the select gate lines SGD and 
of this block BLK are allocated to the lower page the upper SGS is not limited the above description . That is , the page 
page which correspond to the word lines WL0 and WL1 in 35 address may be allocated to both of the word line WL0 and 
the finger FNGO . Next , the next page addresses " 02 " and WL23 . Alternatively , the page address may be allocated to 
" 03 ” are allocated to the lower page and the upper page the word line WL0 in the same method of the normal block , 
which correspond to the word lines WLO and WL1 in the in which case the page address is not allocated to the word 
finger FNG1 . line WL23 . Here , when the page address is allocated to any 

Subsequently , the next page address " 04 " and " 05 " are 40 one of the word line WL0 and WL23 in the same method of 
allocated to the lower page and the upper page which the normal block , it is possible to make the number of pages 
correspond to the word line WL2 and the word line WL3 in in one block BLK be the same as that in the A - type block . 
the finger FNGO . Further , the next page addresses " 06 " and In this case , the memory cell transistor MT which is con 
“ 07 ” are allocated to the lower page and the upper page nected to the word line WL to which the page address is not 
which correspond to the word line WL2 and the word line 45 allocated functions as a dummy transistor serving as a 
WL3 in the finger FNG1 . current path only . 

In addition , the page address “ 46 " and the last page Bad Block 
address “ 47 ” are allocated to the lower page and the upper The bad block is an unavailable block BLK that cannot be 
page which correspond to the word line WL22 and the final used due to , for example , defects which are found at the time 
word line WL23 in the finger FNG1 . 50 of the pre - shipment test for the NAND type flash memory 

As described above , in the A - type block , two pages are 100 . In the bad block , the page address may be allocated or 
allocated with respect to a set of two word lines WL ( 21 ) and may not be allocated , but when the page address is allocated , 
WL ( 2i + 1 ) in each of the fingers FNG ( here , i is an integer the same method of the normal block may be used to allocate 
between 0 and 11 ) . Accordingly , the total page numbers of the page address . 
the A - type block including two fingers FNGO and FNG1 are 55 Block Table 
48 pages which are half in the case of the normal block , and Information which indicates the types of each block BLK 
the page addresses “ 00 ” to “ 47 " are allocated to each page . is retained , for example , in a ROM fuse block as a table ( this 

B - Type Block is referred to as a block table ) . 
Next , the B - type block will be described with reference to FIG . 10 is a conceptual representation of the block table . 

FIG . 8 and FIG . 9 . FIG . 8 and FIG . 9 illustrate an example 60 The block table retains block information indicating the 
of the B - type block , and correspond to FIG . 4 and FIG . 5 types of blocks by using 2 bit - data . In an example of FIG . 
illustrated in the normal block . 10 , " 00 " indicates the normal block , “ 01 ” indicates the 

Similar to the case of the A - type block , in the B - type A - type block , “ 10 ” indicates the B - type block , and “ 11 " 
block , the upper page address and the lower page address are indicates the bad block . Accordingly , in the example of FIG . 
allocated to for every two word lines in each of the fingers 65 10 , the block BLKO is the normal block , the block BLK1 is 
FNG . The B - type block is different from the A - type block in the A - type block , the block BLK2 is the B - type block , and 
a point that , in the case of the B - type block , two word lines the block BLK3 is the bad block . 
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cor 
The block table is read by , for example , the sense ampli The latch circuit 40 retains block information of the 

fier 140 with other pieces of information ( information corresponding block BLK ( in an example of FIG . 12 , “ 00 " 
required to operate the NAND type flash memory 100 , for is retained ) . The latch circuit 40 outputs “ L ” level to a node 
example , column redundancy information and trim infor - Nlower when a lower bit of the block information is “ 0 ” , and 
mation ) retained in the ROM fuse block , when the power of 5 outputs “ H ” level to the node Nlower when the lower bit of 
the NAND type flash memory 100 is turned on . This is the block information is “ 1 ” . In addition , the latch circuit 40 
referred to as power - on read , and the information is auto outputs “ L ” level to an node Nupper when an upper bit of the 
matically read , without the read command being issued by block information is “ O ” , and outputs “ H ” level to an node 
the controller 200 , for example , by using the sequencer 170 Nupper when the upper bit of the block information is “ 1 ” . 
in the NAND type flash memory 100 . In addition , the 10 The latch circuit 40 stores , as described above , the block 
sequencer 170 sets the block information in the block information at the time of a power - on read operation . 

The inverters 47 and 49 invert the signal of the node decoder in the row decoder 120 based on the block table . Nupper . In addition , the inverters 48 and 50 invert the signal 1 . 1 . 3 . 4 Configuration of Row Decoder 120 of the node Nlower . Next , the configuration of the row decoder 120 will be 15 The AND gate 42 performs an AND operation of the described with reference to FIG . 11 . FIG . 11 is a circuit outputs of the inverter 47 and 48 , and outputs the operation 
diagram illustrating the row decoder 120 and the driver result to a node Nnorm . The AND gate 43 performs the AND circuit 130 . operation of the output of the inverter 49 , the signal of the The row decoder 120 functions as a switch transmitting a node Nlower , and a signal CMD _ A , and outputs the opera voltage output from the corresponding driver circuit 130 to 20 tion result to a node N _ A . The AND gate 44 performs the the corresponding wires WL , DWL , SGD , and SGS . 
As illustrated in FIG . 11 , the row decoder 120 includes the AND operation of the output of the inverter 50 , the signal of 

the node Nupper , and a signal CMD _ B , and outputs the block decoder 20 and high - voltage n - channel MOS transis operation result to a node N B . The signals CMD A and tors 21 to 25 ( 21 - 0 to 21 - 23 , 22 - 0 to 22 - 3 , 23 - 0 to 23 - 3 , 24 - 0 
to 24 - 3 , and 25 - 0 to 25 - 3 ) , and 26 . CMD _ B are signals which are asserted ( “ H ” level in the 

The transistor 21 transmits the voltage to the word line 25 eXc 25 example ) by the sequencer 170 when each of the access 
WL of the corresponding block BLK . That is , one of the target blocks is the A - type block and the B - type block . 
source and the drain in each of the transistors 21 - 0 to 21 - 23 The OR gate 46 perform an OR operation of the signals 
is connected to each of the word lines WLO to WL23 of the of the nodes Nnorm , N _ A , and N _ B , and outputs the 

operation result to the node Nmode . corresponding block BLK , and the other is connected to The AND gate 41 performs an AND operation of the each of the signal lines CGO to CG23 , and the gate is 30 so block address BA , and outputs the operation result to a node commonly connected to a signal line TG . Nadd . More specifically , the operation result is the “ H ” level The transistors 22 and 23 transmit the voltage to the select when the block address BA which is imparted from the gate line SGD . That is , one of the source and the drain in 
each of the transistors 22 - 0 to 22 - 3 is connected to each of address register 150 is the same as the block address which 

is allocated to the corresponding block BLK , and the opera the select gate lines SGDO to SGD3 of the corresponding 35 35 tion result is the “ L ” level when the block address BA which block BLK , the other is connected to each of the signal lines is imparted from the address register 150 is different from SGDDO to SGDD3 , and the gate is commonly connected to the block address which is allocated to the corresponding the signal line TG . In addition , one of the source and the block BLK . drain in each of the transistors 23 - 0 to 23 - 3 is connected to The AND gate 45 performs the AND operation of the each of the select gate lines SGDO to SGD3 of the corre 
sponding block BLK , the other is connected to the node 40 40 signal in nodes Nadd and Nmode , and outputs the operation 
SGD COM . and the signal RDECADn is imparted to the result to the signal line TG . In addition , the inverter 51 
gate . For example , O V of a voltage which makes the select inverts the signal of the signal line TG , and the result is 
transistor ST1 be turned off is applied to the node SGD imparted to the signal line RDECADn . 
COM . Meanwhile , the configuration of the block decoder 20 is 

The transistors 24 and 25 transmit a voltage to the select 45 not limited to the description made in FIG . 12 , but may be 
gate line SGS . Then , the connection is equivalent to the case a configuration in which the operations described in “ 1 . 2 
in which in the transistors 22 and 23 , the select gate line Operation ” may be performed . 
SGD is replaced with SGS , the signal line SGDD is replaced 1 . 1 . 3 . 5 Configuration of Driver Circuit 130 
with SGSD , and the node SGD _ COM is replaced with Next , the configuration of the driver circuit 130 will be 
SGS COM . 50 described with reference to FIG . 11 . The driver circuit 130 

The transistor 26 transmits the voltage to the dummy decodes a page address PA imparted from the address 
word line DWL . That is , one of the source and the drain in register 150 . In addition , in response to the decoded result of 
the transistor 26 is commonly connected to the dummy word the page address PA , the voltage , which is required for lines DWLO to DWL3 of the corresponding block BLK , the writing , reading , and erasing data , is transmitted to each of other is connected to the signal line DCG , and the gate is ss the gate is 55 the signal lines CG0 to CG23 , SGDDO to SGDD3 , SGSDO commonly connected to the signal line TG . to SGSD3 , and DCG . The block decoder 20 decodes a block address BA As illustrated in FIG . 11 , the driver circuit 130 includes imparted from the address register 150 . In addition , the WL drivers 30 ( 30 - 0 to 30 - 23 ) , SGD drivers 31 ( 31 - 0 to block decoder 20 retains the block information illustrated in 31 - 3 ) , SGS drivers 32 ( 32 - 0 to 32 - 3 ) and DWL driver 33 . FIG . 10 . In addition , the block decoder 20 applies the 
voltage to the signal line TG and RDECADn , and makes the 60 the 60 Each of the WL drivers 30 - 0 to 30 - 23 transmits the 
transistors 21 . 22 . 24 and 26 . or the transistors 23 and 25 be required voltage to the signal lines CGO to CG23 . Then , any 
turned on , based on the decoded result and block informa - one of the signal lines CG is selected based on the decoded 
tion of the block address BA . result of the page address PA , and a predetermined voltage 

FIG . 12 is a circuit diagram illustrating a configuration is applied to a select signal line CG and a non - select signal 
example of the block decoder 20 . As illustrated in FIG . 12 , 65 line CG . Accordingly , in the driver circuit 130 correspond 
the block decoder 20 includes a latch circuit 40 , AND gates ing to the normal block , one signal line CG ( that is , the word 
41 to 45 , an OR gate 46 , and inverters 47 to 51 . line WL ) is selected by one WL driver 30 , and other signal 
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lines CG are not selected . On the other hand , in the driver As illustrated in FIG . 14 , the controller 200 , first , issues 
circuit 130 corresponding to the A - type block , two signal a write command “ 80h ” ( corresponding to step S14 in FIG . 
lines CG are selected by two WL drivers 30 . In addition , in 13 ) and asserts the signal CLE ( a “ H ” level ) . Subsequently , 
the driver circuit 130 corresponding to the B - type block , one the controller 200 issues , for example , addresses ( A1 to A5 : 
or two signal lines CG are selected in response to the page 5 the column address , the block address , and the page address 
address PA . are included ) for five cycles , and asserts the signal ALE ( the 

Each of the SGD drivers 31 - 0 to 31 - 3 transmits the “ H ” level ) . These command and address , are stored in , for 
required voltage to the signal lines SGDDO to SGDD3 in example , the registers 150 and 160 . Then , from the fact that 
response to the decoded result of the page address PA . Each the normal write command is retained in the register 160 , the 

10 sequencer 170 confirms that the write access to the normal of the SGS drivers 32 - 0 to 32 - 3 transmits the required block is received . voltage to the signal lines SGSDO to SGSD3 in response to Next , the controller 200 outputs write data D1 to Dn ( n is the decoded result of the page address PA . That is , any one 2 or more of natural number ) for a plurality of cycles . During of the fingers FNGO to FNG3 is selected by the SGD drivers this time , the signals ALE and CLE are negated ( a “ L ” 
31 - 0 to 31 - 3 and SGS drivers 31 - 0 to 31 - 3 . 15 level ) . The write data D1 to Dn which are received in the 

The DWL driver 33 transmits the required voltage to the NAND type flash memory 100 are retained in the latch 
signal line DCG . circuit in the sense amplifier 140 . 

1 . 2 Operation Next , the controller 200 issues a write command “ 10h ” 
Next , an operation of the memory system 1 having the and asserts the signal CLE . When the command “ 10h ” is 

above - described configuration will be described . 20 stored in the register 160 , the sequencer 170 starts perform 
1 . 2 . 1 Operation Flow ing the writing operation , and the NAND type flash memory 
FIG . 13 is a flow chart schematically illustrating the 100 becomes in a busy state ( RBn = " L ” ) . In addition , the 

operation of the memory system 1 . As illustrated in FIG . 13 , controller 200 asserts the signal WEn whenever the signals 
first , the host apparatus 300 issues an access command ( step of the command , the address , data , or the like are issued . 
S10 ) . In response to the access command , the processor 230 25 Accordingly , whenever the signal WEn is toggled , the signal 
of the controller 200 determines a region that is an access is input to the NAND type flash memory 100 . 
target in the NAND type flash memory 100 ( step S11 ) . Next , the operation in the NAND type flash memory 100 

In a case where the region that is the access target ( the will be described with reference to FIG . 15 while particu 
selected block BLK ) is the normal block ( NO in step S12 larly focusing on the row decoder 120 and the driver circuit 
and NO in step S13 ) , in response to the command of the 30 130 . FIG . 15 is a schematic view of a region of the NAND 
processor 230 , the NAND interface circuit 250 issues the type flash memory 100 . In FIG . 15 , for the sake of simple 
normal access command to the NAND type flash memory description , a case is assumed that one block BLK includes 
100 ( step S14 ) . In the NAND type flash memory 100 , based two fingers FNGO and FNG1 , a method of allocating page 
on the fact that the normal access command is retained in the addresses is the same as that illustrated in FIG . 4 and FIG . 
address register 150 , the sequencer 170 performs access at 35 5 , and “ 20 ” is input as the page address PA . 
the normal mode with respect to the normal block ( step In FIG . 15 , each of the blocks BLKO to BLK3 corre 
S15 ) . The access at the normal mode means access based on sponds to the normal block , the A - type block , the B - type 
the page address allocation as illustrated in FIG . 4 and FIG . block , and the bad block . Accordingly , each of the latch 

circuits 40 of the block decoders 20 which correspond to the 
In a case where the access target block is the A - type block 40 blocks BLKO to BLK3 retains “ 00 ” , “ 01 ” , “ 10 ” , and “ 11 ” as 

( YES in step S12 ) , the NAND interface circuit 250 issues an the block information . 
A mode access command to the NAND type flash memory In addition , the block address BA which designates the 
100 in response to the command of the processor 230 ( step block BLKO is imparted to the row decoders 120 - 0 to 120 - 3 . 
S16 ) , and subsequently issues the normal access command Then , the signal of the node Nadd becomes the “ H ” level in 
( step 817 ) . In the NAND type flash memory 100 , based on 45 the block decoder 20 of the row decoder 120 - 0 correspond 
the fact that not only the normal access command but also ing to the block BLKO . In addition , since the node Nnorm 
the A mode access command are retained in the address becomes the “ H ” level , the node Nmode becomes the “ H ” 
register 150 , the sequencer 170 performs access at the A level . As a result , the signal line TG becomes the “ H ” level , 
mode with respect to the A - type block ( step S18 ) . The access and the transistors 21 , 22 , 24 , and 26 are turned on in the row 
at the A mode means access based on the page address 50 decoder 120 - 0 . 
allocation as illustrated in FIG . 6 and FIG . 7 . In addition , in the driver circuit 130 - 0 , the SGD driver 
When the access target block is the B - type block ( NO in 31 - 0 and the WL driver 30 - 5 which correspond to the page 

step S12 , and YES in step S13 ) , a B mode access command address PA = “ 20 ” select the select gate line SGDO and the 
is imparted to the NAND type flash memory 100 by the word line WL5 ; and other drivers output unselected volt 
processor 230 ( step S19 ) , and subsequently the normal 55 ages . As a result , the output voltage of the driver circuit 
access command is imparted to the NAND type flash 130 - 0 is transmitted to the finger FNGO of the block BLKO 
memory 100 by the processor 230 ( step S20 ) . In the NAND via the row decoder 120 - 0 . 
type flash memory 100 , access at the B mode is performed That is , the word line WL5 in the finger FNGO in the 
with respect to the B - type block ( step S21 ) . The access at the block BLKO is selected , and then the lower page data 
B mode means access based on the page address allocation 60 corresponding to the word line WL5 is written into the word 
as illustrated in FIG . 8 and FIG . 9 . line WL5 . 

Hereinbelow , the operation will be described in detail . On the other hand , in the block decoders 20 in the row 
1 . 2 . 2 Writing Operation decoders 120 - 1 to 120 - 3 which correspond to the blocks 
First , a writing operation will be described . BLK1 to BLK3 , the signals of the node Nadd and the node 
Writing Operation with Respect to Normal Block 65 Nmode become “ L ” level . As a result , the signal line TG 
FIG . 14 is a timing diagram of various signals on an becomes the “ L ” level , and the transistors 21 , 22 , 24 , and 26 

NAND bus at the time of writing data into the normal block in the row decoders 120 - 1 to 120 - 3 are turned off . 
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Accordingly , the output voltage of the driver circuits The voltages VPASS3 , VPASS2 , VPASS1 , VGP1 , and 
130 - 1 to 130 - 3 is not transmitted to the blocks BLK1 to VISO are applied to other unselected word lines WL , and the 
BLK3 . More specifically , in the driver circuit 130 - 1 , since voltage VGP2 is applied to the dummy word line DWL . 
the WL drivers 30 - 10 and 30 - 11 correspond to the page Similar to the voltage VPASS3 , the voltages VPASS1 and 
addresses PA = " 20 " , but the transistors 21 corresponding to 5 VPASS2 allow the memory cell transistor MT to be turned 
the WL drivers 30 - 10 and 30 - 11 are turned off , the word line on , and may cause a potential of a channel to be sufficiently 
WL10 and WL11 are in a state of non - select . In addition , in increased . The voltage VISO allows , for example , the 
the driver circuit 130 - 2 , the WL drivers 30 - 11 and 30 - 12 memory cell transistor MT to be turned off . The voltage 

VGP2 allows the dummy transistor DT to be turned on , and correspond to the page addresses PA = “ 20 ” , but the word 
lines WL11 and WL12 are in the state of non - select . The 10 the voltage VGP1 is an intermediate voltage of the voltage 

VPASS2 and the voltage VISO . same is true for the driver circuit 130 - 3 . The voltage VISO is set as a low voltage since the Next , the voltages which are applied to the word line WL , memory cell transistor MT is turned off , and the voltage the select gate lines SGD and SGS , the dummy word line VPGM is set as very high voltage for writing data . Accord 
DWL , and the bit line BL in the block BLKO will be 15 ingly , in the example of FIG . 16 . by using three types of 
described with reference to FIG . 16 . FIG . 16 is a timing voltages VPASS ( VPASS1 to VPASS3 ) and the voltage 
diagram illustrating the voltage of the above - described wir - VGP7 , the potential difference between the adjacent word 
ing . lines is set as small as possible . Therefore , as an example , of 
As illustrated in FIG . 16 , during a time period to , the SGD the relationship between these voltages , an expression of 

driver 31 - 0 applies a voltage VSGD _ prog to the select gate 20 VPASS3 > VPASS2 > VPASS1 > VGP2 > VGP1 > VISO is 
line SGDO . The voltage VSGD _ prog is a voltage causing the established . However , the voltages VPASS1 to VPASS3 
select transistor ST1 to be turned on . In addition , the SGD may be a voltage satisfying the above - described conditions , 
driver 31 - 1 and SGS drivers 32 - 0 and 32 - 1 apply O V to the but the magnitude relation thereof is not limited . In addition , 
select gate line SGD1 and the select gate lines SGSO and the voltages VGP1 and VGP2 may have an inverse rela 
SGS1 . 25 tionship or may have the same value . In some cases , the 

In addition , the sense amplifier 140 applies O V to the bit voltage VISO and the voltage VGP1 , or the voltage VISO 
line BL in which “ O ” data is written , and applies a positive and the voltage VG2 may have the same value . 
voltage V1 to the bit line BL in which “ 1 ” data is written . After data is programmed during the time periods t3 and 
Writing “ O ” data means the writing operation which causes t4 , each wiring is set as O V during a time period t5 . 
a threshold voltage of the memory cell transistor MT to be 30 Writing Operation with Respect to A - Type Block 
increased by injecting electrons to the charge storage layer Next , the writing operation of the A - type block will be 
of the memory cell transistor MT , and thus a threshold described with reference to FIG . 17 . FIG . 17 corresponds to 
voltage level is transitioned to a higher level . On the other FIG . 14 which is illustrated in the normal block . Hereinbe 
hand , writing “ 1 ” data means the writing operation which low , the description will focus on the differences from the 
maintains the threshold voltage level of the memory cell 35 writing operation to the normal block . 
transistor MT from being increased by suppressing injection As illustrated in FIG . 17 , the difference from the writing 
of electrons to the charge storage layer of the memory cell operation to the normal block illustrated in FIG . 14 is that 
transistor MT ( that is , a threshold voltage is substantially the controller 200 issues , first , the A mode access command 
unchanged ) . " XX _ Ah ” ( corresponding to step S16 in FIG . 13 ) . Thereaf 

Subsequently , during a time period t1 , the SGD driver 40 ter , the controller 200 issues a normal write command “ 80h ” . 
31 - 0 applies the voltage VSGD to the select gate line SGDO Then , from the fact that the A mode access command is 
( for example , VSGD _ prog > VSGD ) . Meanwhile , the voltage retained in the register 160 , the sequencer 170 confirms that 
VSGD _ prog allows the voltage V1 to be transmitted with the write access to the A - type block is received . 
respect to the select transistor ST1 . On the other hand , the Next , the operation in the NAND type flash memory 100 
voltage VSGD may transmit 0 V with respect to the select 45 will be described with reference to FIG . 18 . FIG . 18 corre 
transistor ST1 , but cannot transmit the voltage V1 to the sponds to FIG . 15 described in the normal block . 
select transistor ST1 . Accordingly , the select transistor ST1 As illustrated in FIG . 18 , block address BA which des 
corresponding to the bit line BL in which “ 1 ” data is written ignates the A - type block BLK1 is imparted to the row 
is cut off . decoders 120 - 0 to 120 - 3 . Then , in the block decoder 20 of 
Next , during a time period t2 , the WL drivers 30 - 0 to 50 the row decoder 120 - 1 corresponding to block BLK1 , the 

30 - 23 and DWL driver 33 apply voltages to the word lines signal of the node Nadd becomes the “ H ” level . 
WLO to WL23 and the dummy word lines DWLO to DWL3 . In addition , the sequencer 170 confirming that the write 
A voltage VPASS3 is applied to the selected word line WLg access to the A - type block is received issues the signal 
( g is an integer between 0 and 23 , and an example in FIG . CMD _ A ( CMD _ A = " H ” ) , and the issued signal CMD _ A is 
15 satisfies g = 5 ) . 55 supplied to the row decoders 120 - 0 to 120 - 3 . As a result , in 

Thereafter , during a time period t3 , the WL driver 30 - 5 the block decoder 20 of the row decoder 120 - 1 , since the 
corresponding to selected word line WL5 causes the voltage node N _ A becomes the “ H ” level , the node Nmode becomes 
which is applied to the word line WL5 to be increased to the the “ H ” level . Accordingly , the signal line TG becomes “ H ” 
voltage VPGM from the voltage VPASS3 . In this way , data level , and the transistors 21 , 22 , 24 , and 26 in the row 
is written into the memory cell transistor MT . Meanwhile , 60 decoder 120 - 1 are turned on . 
the voltage VPASS3 allows the memory cell transistor MT In the driver circuit 130 - 1 , the SGD driver 31 - 0 corre 
to be turned on regardless of retained data , and a potential sponding to the page address PA = “ 20 ” , two WL drivers 
of a channel in the NAND string NS which corresponds to 30 - 10 and 30 - 11 select the select gate line SGDO and two 
the writing of “ 0 ” data to be sufficiently increased by word lines WL10 and WL11 , and outputs select voltages , 
capacity coupling . In addition , the voltage VPGM is a high 65 and other drivers output unselected voltages . As a result , the 
voltage which may inject the electrons to the charge storage output voltage of the driver circuit 130 - 1 is transmitted to the 
layer through FN tunneling . finger FNGO of the block BLK1 via the row decoder 120 - 1 . 

ay 
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That is , two word lines WL10 and WL11 in the finger As illustrated in FIG . 22 , the difference from the case of 

FNGO in the block BLK1 are selected , and then the lower the normal block illustrated in FIG . 16 is that two word lines 
page data is allocated to the two word lines WL10 and WL11 WL ( k + 1 ) and WL ( k + 2 ) are selected , and the voltages 
is written into the two word lines WL10 and WL11 . VPGM is applied thereto . That is , in each of the NAND 

Since the signal line TG becomes the “ L ” level in other 5 strings NS , the same data is programmed in two memory cell 
row decoders 120 - 0 , 120 - 2 , and 120 - 3 , the word lines WL in transistors MT ( k + 1 ) and MT ( k + 2 ) which are connected to 
the blocks BLKO , BLK2 , and BLK3 are in the non - select the two word lines WL ( k + 1 ) and WL ( k + 2 ) which are 
state . adjacent to each other . 
Next , the voltages which are applied to the word line WL That is , two word lines WL are selected at the same time 

in the A - type block BLK1 , the select gate lines SGD and 10 even in the B - type block as in the A - type block , but the 
SGS , the dummy word line DWL , and the bit line BL will combination of the word lines WL which are selected at the 
be described with reference to FIG . 19 . FIG . 19 corresponds same time is different from that upon selecting the A - type 
to FIG . 16 illustrated in the normal block . block . 
As illustrated in FIG . 19 , the difference from the case of 1 . 2 . 3 Reading Operation 

the normal block illustrated in FIG . 16 is that the two word 15 Next , the reading operation will be described . Hereinbe 
lines WLk and WL ( k + 1 ) are selected , and the voltage low , the description will focus on the differences from the 
VPGM is applied thereto ( k = 2g , and ( 2g + 1 ) is 23 or less ) . writing operation . 
That is , in each of the NAND strings NS , the same data is Reading Operation with Respect to Normal Block 
programmed to two memory cell transistors MTk and FIG . 23 is a timing diagram illustrating various signals on 
MT ( k + 1 ) which are connected to two word lines WLk and 20 the NAND bus when data is read from the normal block . 
WL ( k + 1 ) which are adjacent to each other . As illustrated in FIG . 23 , the controller 200 , first , issues 

The same is true for the unselected word line WL , and the a read command “ O0h ” ( corresponding to step S14 in FIG . 
same voltage is applied to the adjacent two word lines . 13 ) , subsequently issues the addresses ( A1 to A5 ) , and 

Writing Operation with Respect to B - Type Block thereafter , issues a command “ 30h " . Considering the fact 
Next , the writing operation of the B - type block will be 25 that the normal read command is retained in the register 160 , 

described with reference to FIG . 20 . FIG . 20 corresponds to the sequencer 170 confirms that the read access to the 
FIG . 14 illustrating the normal block . normal block is received . Further , in response to the recep 

The difference from the writing operation to the normal tion of the command “ 30h ” , the sequencer 170 starts per 
block is that the controller 200 issues , first , the B mode forming the reading operation , and the NAND type flash 
access command “ XX _ Bh ” ( corresponding to step S19 in 30 memory 100 becomes in a busy state ( RBn = " L " ) . 
FIG . 13 ) . Then , from the fact that the B mode access When the NAND type flash memory 100 is returned to be 
command is retained in the register 160 , the sequencer 170 the ready state ( RBn = " H ” ) , the controller 200 causes the 
confirms that the write access to the B - type block is signal REn to be toggled . In synchronization with the signal 
received REn , the read data is transmitted to the controller 200 from 

FIG . 21 corresponds to FIG . 15 which is illustrated in the 35 the NAND type flash memory 100 . 
normal block . As illustrated in FIG . 21 , when the block The operation in the NAND type flash memory 100 is the 
address BA designating the block BLK2 which is the B - type same as that in FIG . 15 , the transistors 21 , 22 , 24 , and 26 are 
block is imparted to the row decoders 120 - 0 to 120 - 3 , the turned on in the row decoder 120 - 0 corresponding to the 
signal of the node Nadd becomes the “ H ” level in the block normal block BLKO . 
decoder 20 of the row decoder 120 - 2 . 40 FIG . 24 is a timing diagram illustrating the voltages which 

In addition , the sequencer 170 which confirms that the are applied to the word line WL , the select gate lines SGD 
write access to the B - type block is received issues the signal and SGS , the dummy word line DWL , and the bit line BL 
CMD _ B ( CMD _ B = “ H ” ) . As a result , the node N _ B at the time of reading operation with respect to data block 
becomes the “ H ” level , and the node Nmode becomes the BLKO . 
“ H ” level in the block decoder 20 of the row decoder 120 - 2 . 45 As illustrated in FIG . 24 , during the time period to , the 
Accordingly , the signal line TG becomes the “ H ” level , and SGD driver 31 - 0 and SGS driver 32 - 0 apply a voltage VSG 
the transistors 21 , 22 , 24 , and 26 are turned on in the row to the select gate lines SGDO and SGSO . The voltage VSG 
decoder 120 - 2 . is a voltage causing the select transistor ST1 to be turned on . 

In the driver circuit 130 - 2 , the SGD driver 31 - 0 and the In addition , the SGD driver 31 - 1 and the SGS driver 32 - 1 
two WL drivers 30 - 11 and 30 - 12 which correspond to the 50 apply O V to the select gate line SGD1 and SGS1 . 
page address PA = " 20 " select the select gate line SGDO , and Next , during the time period tl , the sense amplifier 140 
the two word lines WL11 and WL12 . As a result , the output precharges the bit line BL to a voltage Vb1 . In addition , the 
voltage of the driver circuit 130 - 2 is transmitted to the finger WL driver 30 corresponding to the unselected word line WL 
FNGO of the block BLK2 via the row decoder 120 - 2 . applies the voltage VREAD or VREADK to the unselected 

That is , two word lines WL11 and WL12 of the finger 55 word line WL . The voltages VREAD and VREADK allow 
FNGO in the block BLK2 are selected , and the allocated the memory cell transistor MT to be turned on regardless of 
lower page data is written into the selected word lines WL11 retained data . The voltage VREADK is applied to the 
and WL12 . unselected word lines WL ( g + 1 ) and WL ( g - 1 ) which are 

Since the signal line TG becomes the “ L ” level in other adjacent to the selected word line WLg , for example , an 
row decoders 120 - 0 , 120 - 1 , and 120 - 3 , the word line WL in 60 expression of VREADK > VREAD is established . Alterna 
the blocks BLKO , BLK1 , and BLK3 is in the non - select tively , an expression of VREADK = VREAD may be estab 
state . lished . In addition , when the DWL driver 33 applies the 
Next , the voltages which are applied to the word line WL , voltage VSG to the dummy word line DWL , the dummy 

the select gate lines SGD and SGS , the dummy word line transistor DT is turned on . Note that , the voltages VSG and 
DWL , and the bit line BL in the B - type block BLK2 will be 65 VREAD may have the same value . 
described with reference to FIG . 22 . FIG . 22 corresponds to Next , during the time period t2 , a WL driver 30 - g sequen 
FIG . 16 which is illustrated in the normal block . tially applies the read voltages VCG1 , VCG2 , and VCG3 to 
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the selected word line WLg . When the memory cell tran - a threshold voltage of the memory cell transistor MT is 
sistor MT which is connected to the selected word line WLg sufficiently reduced through the erasing operation . In addi 
is turned on due to the applying of the read voltage , a cell tion , the erase verifying operation is substantially the same 
current flows from the bit line BL toward the source line SL operation as the reading operation except that data is read 
in the NAND string NS . It is possible to determine data by 5 from a plurality of word lines WL . Note that , hereinbelow , 
sensing the aforementioned current by the sense amplifier an example of a case in which data is erased by a block unit 
140 . will be described . 
Read Operation with Respect to A - Type Block Erase Verifying Operation with Respect to Normal Block 
Next , the reading operation from the A - type block will be FIG . 28 is a timing diagram of various signals on the 

described . Hereinbelow , the description will focus on the 10 NAND bus when performing the erase verifying with 
differences from the reading operation from the normal respect to the normal block . 
block . As illustrated in FIG . 28 , the controller 200 , first , issues 

FIG . 25 is a timing diagram of various signals on the a normal erase command " 60h ” ( corresponding to step S14 
NAND bus , and corresponds to FIG . 23 illustrating in the in FIG . 13 ) , subsequently , issues block addresses ( A3 to A5 ) 
normal block . The difference from the case at the time of 15 of the block BLK to be erased , and thereafter , issues a 
reading data from the normal block illustrated in FIG . 23 is command “ Doh ” . Considering the fact that the erase com 
that the controller 200 issues the A mode access command mand is retained in the register 160 , the sequencer 170 
“ XX _ Ah ” before issuing the command “ O0h ” . This is the confirms that the erase access to the normal block is 
same as the writing operation to the A - type block . Others are received . Then , in response to the reception of the command 
as illustrated in FIG . 23 . 20 “ DOh ” , the sequencer 170 starts performing the erasing The operation of the NAND type flash memory 100 is the operation , and the NAND type flash memory 100 becomes same as that in FIG . 18 described at the time of the writing in a busy state ( RBn = “ L ” ) . During this busy state , in the operation . That is , when the sequencer 170 issues the signal NAND type flash memory 100 , the erasing operation and the CMD _ A , the signal line TG in the row decoder 120 - 1 
becomes the “ H ” level . erase verifying operation are performed with respect to data . 

Next , the voltages which are applied to the word line WL , he word line WI 25 When the NAND type flash memory 100 is returned to be 
the select gate lines SGD and SGS , the dummy word line the ready state , the controller 200 issues a status read 
DWL , and the bit line BL in the A - type block BLK1 will be command “ 70h ” , and asserts the signal REn . In synchroni 
described with reference to FIG . 26 . FIG . 26 corresponds to zation with the signal REn , status information indicating 
FIG . 24 which is described in the normal block . whether or not the erasing operation is correctly completed 
As illustrated in FIG . 26 , the difference from the case of 30 is transmitted to the controller 200 from a status register ( not 

the normal block is that the two word lines WLk and illustrated in FIG . 1 ) of the NAND type flash memory 100 . 
WL ( k + 1 ) are selected similarly at the time of writing opera - The operation of the row decoder 120 in the NAND type 
tion , and the voltages VCG1 to VCG3 are applied thereto flash memory 100 is the same as that in the writing operation 
( k = 2g , and ( 2g + 1 ) is 23 or less ) . That is , in each of the illustrated in FIG . 15 , and the transistors 21 , 22 , 24 , and 26 
NAND strings NS , the same data is read at the same time 35 are turned on in the row decoder 120 - 0 corresponding to the 
from two memory cell transistors MTk and MT ( k + 1 ) which normal block BLKO . 
are connected to two word lines WLk and WL ( k + 1 ) which FIG FIG . 29 is a timing diagram illustrating the voltages 29 is a timing diagram illustrating the v 
ar are adjacent to each other . applied to the word line WL , the select gate lines SGD and Reading Operation with Respect to B - Type Block SGS , the dummy word line DWL , and the bit line BL at the 

Next , the reading operation from the B - type block will be 40 time of the K Will be 40 time of the erase verifying operation with respect to the described . Hereinbelow , the description will focus on the block BLKO . differences from the writing operation to the normal block . As described above , since data is erased by a block BLK A timing diagram of various signals on the NAND bus at 
the time of accessing the B - type block BLK2 corresponds to unit , the erase verifying operation is performed with respect 

to the fingers FNGO and FNG1 which are included in the a timing diagram in which the A mode access command 
“ XX _ Ah ” is replaced with the B mode access command 4 mand 45 block BLK to be erased . In addition , the erase verifying 
“ XX _ Bh ” in FIG . 25 . operation with respect to each of the fingers FNG is per 

In addition , the operation of the NAND type flash formed twice . FIG . 29 illustrates a first erase verifying 
memory 100 is the same as in FIG . 21 described at the time operation and a second erase verifying operation with 
of the writing operation . That is , when the sequencer 170 respect to the finger FNGO . 
issues the signal CMD _ B , the signal line TG in the row 50 As illustrated in the left side of FIG . 29 , in the first erase 
decoder 120 - 2 becomes the “ H ” level . verifying operation , the memory cell transistor MT which is 
Next , the voltages which are applied to the word line WL , connected to the even - number word line WL is set as an 

the select gate lines SGD and SGS , the dummy word line erase verifying target . That is , the WL driver 30 - 2i ( i is an 
DWL , and the bit line BL in the B - type block BLK2 will be integer between 0 and 11 ) selects each of the word lines 
described with reference to FIG . 27 . FIG . 27 corresponds to 55 WL2i ( = WLO , WL2 , WL4 , WL6 , . . . ) , and applies the erase 
FIG . 24 which is described in the normal block . verifying voltage VCG _ EV to the selected word line WL2i . 
As illustrated in FIG . 27 , the difference from the case of The voltage VCG _ EV is a voltage which becomes a stan 

the normal block illustrated in FIG . 24 is that two word lines dard when determining whether or not the threshold voltage 
WL ( k + 1 ) and WL ( k + 2 ) are selected , and the voltages VCG1 of the memory cell transistor MT reaches an erasing level . 
to VCG3 are applied thereto . That is , in each of the NAND 60 In addition , the WL drivers 30 - ( 2i + + 1 ) apply the voltage 
strings NS , the same data is read at the same time from two VREAD to each of the word lines WL ( 2i + 1 ) = WL1 , WL3 , 
memory cell transistors MT ( k + 1 ) and MT ( k + 2 ) which are WL5 , WL7 , . . . ) . 
connected to two word lines WL ( k + 1 ) and WL ( k + 2 ) which Others are the same as those at the time of the reading 
are adjacent to each other . operation . In this state , when the current flows to the source 

1 . 2 . 4 Erase Verifying Operation 65 line SL from the entire bit line BL , it is determined that data 
Next , the erase verifying operation will be described . The of the memory cell transistor MT which is connected to the 

erase verifying is an operation for confirming whether or not even - number word line WL2i is erased . 
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In the second erase verifying operation , as illustrated in In addition , the WL drivers 30 - ( 4i + 2 ) and 30 - ( 4i + 3 ) apply 
the right side of FIG . 29 , the memory cell transistor MT the voltage VREAD to each of the word line WL ( 4i + 2 ) and 
which is connected to the odd - number word line WL is set the word line WL ( 4i + 3 ) . More specifically , the voltage 
as the erase verifying target . That is , the WL drivers 30 - VREAD is applied to the word lines WL2 , WL3 , WL6 , 
( 2i + 1 ) ( i is an integer between 0 and 11 ) select each of the 5 WL7 , WL10 , WL11 , WL14 , WL15 . . 
word line WL ( 2i + 1 ) ( = WL1 , WL3 , WL5 , WL7 , . . . ) , and Others are the same as those at the time of the reading 
apply the erase verifying voltage VCG _ EV to the selected operation . 
word line WL ( 2i + 1 ) . In addition , the WL driver In the second erase verifying operation , as illustrated in 
30 - 2i applies the voltage VREAD to each of the word lines the right side of FIG . 31 , the word lines WL which is 
WL2i ( = WLO , WL2 , WL4 , WL6 , . . . ) . unselected in the first erase verifying operation is set as the 

Others are the same as those at the time of the reading erase verifying target . That is , the WL drivers 30 - ( 4i + 2 ) and 
operation . In this state , when the current flows to the source 30 - ( 41 + 3 ) ( i is an integer between 0 and 5 ) select each of the 
line SL from the entire bit line BL , it is determined that data word line WL ( 4i + 2 ) and the word line WL ( 4i + 3 ) , and apply 
of the memory cell transistor MT which is connected to the 16 the erase verifying voltage VCG _ EV to these word lines 
odd - number word line WL ( 2i + 1 ) is erased . WL ( 4i + 2 ) and WL ( 4i + 3 ) . That is , the voltage VCG _ EV is 

Subsequently , the erase verifying operation is performed applied to the word lines WL2 , WL3 , WL6 , WL7 , WL10 , 
with respect to the finger FNG1 . A different point from the WL11 , WL14 , WL15 , and . . . . 
erase verifying operation with respect to the finger FNGO is In addition , the WL drivers 30 - 4i and 30 - ( 4i + 1 ) apply the 
that the voltage VSG is applied to the select gate lines SGD1 20 voltage VREAD to each of the word line WL ( 4i ) and the 
and SGS1 instead of the select gate lines SGDO and SGSO , word line WL ( 4i + 1 ) . That is , the voltage VREAD is applied 
and others are the same as the erase verifying operation to the word lines WLO , WL1 , WL4 , WL5 , WL8 , WL9 , 

Erase Verifying Operation with Respect to A - Type Block WL12 , WL13 . . . , 
Next , the erase verifying operation with respect to the Others are the same as those at the time of the reading 

A - type block will be described . Hereinbelow , the description 25 operation . Subsequently , the erase verifying operation is 
will focus on the differences from the erase verifying opera - performed with respect to the finger FNG1 . 
tion with respect to the normal block . Erase Verifying Operation with Respect to B - Type Block 

FIG . 30 is a timing diagram of various signals on the Next , the erase verifying operation with respect to the 
NAND bus and corresponds to FIG . 28 . The difference from from B - type block will be described . Hereinbelow , the description B 
the case at the time of the erase verifying operation in the 30 will focus on the differences from the erase verifying opera normal block illustrated in FIG . 28 is that the controller 200 tion with respect to the A - type block BLK1 . issues the A mode access command “ XX _ Ah ” before issuing A timing diagram of various signals on the NAND bus a command “ 60h ” . This is the same at the time of the writing 
operation and the reading operation . Others are as illustrated corresponds to a timing diagram in which the A mode access 
in FIG . 28 . 35 COM command " XX _ Ah ” is replaced with the B mode access 

The operation of the row decoder 120 in the NAND type command “ XX _ Bh ” in FIG . 30 . 
flash memory 100 is the same as that in FIG . 18 described In addition , the operation of the row decoder 120 in the 
at the time of the writing operation . That is , when the NAND type flash memory 100 is the same as that in the 
sequencer 170 issues the signal CMD A , the signal line TG writing operation illustrated in FIG . 21 . That is , when the 
in the row decoder 120 - 1 becomes the “ H ” level . 40 sequencer 170 issues the signal CMD _ B , the signal line TG 

FIG . 31 is a timing diagram illustrating the voltages which in the row decoder 120 - 2 becomes the “ H ” level . 
are applied to the word line WL , the select gate lines SGD FIG . 32 is a timing diagram illustrating the voltages which 
and SGS , the dummy word line DWL , and the bit line BL are applied to the word line WL , the select gate lines SGD 
at the time of the erase verifying operation with respect to and SGS , the dummy word line DWL , and the bit line BL 
the A - type block BLK1 , and corresponds to FIG . 29 . 45 at the time of the erase verifying operation with respect to 

Similar to the normal block BLKO , also in the case of the the B - type block BLK2 , and corresponds to FIG . 29 . 
A - type block BLK1 , the erase verifying operation with The difference from the case of the A - type BLK1 is that 
respect to each of the fingers FNG is performed twice . FIG . in the erase verifying operation of the B - type block BLK2 , 
31 illustrates the first erase verifying operation and the the selected two word lines WL , which are the memory cell 
second erase verifying operation with respect to the finger 50 transistor MT which is connected to any one of the even 
FNGO . The difference from the case of the normal block number word lines WL , and the memory cell transistor MT 
BLKO is that the word line WL is selected or unselected by which is connected to the odd - number word lines WL which 
two - line unit in the A - type block BLK1 . are adjacent to each other on the source side , are set as the 
As illustrated in the left side of FIG . 31 , in the first erase erase verifying targets . 

verifying operation , the memory cell transistor MT which is 55 As illustrated in the left side of FIG . 32 , in the first erase 
connected to any one of the even - number word lines WL , verifying operation , the WL drivers 30 - ( 4i + 1 ) , 30 - ( 4i + 2 ) ( i 
and the memory cell transistor MT which is connected to the is an integer between 0 and 4 ) , 30 - 21 , and 30 - 22 select each 
odd - number word line WL which is adjacent to the even of the word lines WL ( 41 + 1 ) , WL ( 4i + 2 ) , WL21 , and WL22 , 
number word line WL on the drain side are set to be the erase and apply the erase verifying voltage VCG EV to these 
verifying targets . 60 word lines WL ( 4i + 1 ) , WL ( 41 + 2 ) , WL21 , and WL22 . That is , 

That is , the WL drivers 30 - 4i and 30 - ( 4i + 1 ) ( i is an integer the voltage VCG _ EV is applied to the word line WL1 , WL2 , 
between 0 and 5 ) select each of the word lines WL4i and the WL5 , WL6 , WL9 , WL10 , WL13 , WL14 . . . , WL21 , and 
word line WL ( 4i + 1 ) , and apply the erase verifying voltage WL22 . 
VCG _ EV to these word lines WL4i and WL ( 4i + 1 ) . In addition , the WL drivers 30 - ( 4i + 3 ) , 30 - ( 4i + 4 ) , and 
More specifically , the voltage VCG _ EV is applied to the 65 30 - 23 apply the voltage VREAD to each of the word line 
word lines WLO , WL1 , WL4 , WL5 , WL8 , WL9 , WL12 , WL ( 4i + 3 ) ( = WL3 , WL7 , WL11 , WL15 , . . . ) , the word lines 
WL13 . . . . WL ( 4i + 4 ) ( = WL4 , WL8 , WL12 , WL16 , . . . ) , and 
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WL23 . That is , the voltage VREAD is applied to the between the word lines WL2 and WL3 . In this case , the row 
word lines WL3 , WL4 , WL7 , WLS , WL11 , WL12 , WL15 , type control circuit treats the word lines WL0 and WL1 as 
WL16 , . . . , and WL23 . one word line , and treats the word lines WL2 and WL3 as 

In addition , the WL driver 30 - 0 applies the voltage VSG one word line , and the same is true for the following the 
to the word line WLO . 5 word lines . Therefore , even the word lines WL2 and WL3 in 

Others are the same as those at the time of the reading which the short circuit defect occurs may be treated as a 
operation . normal word line . The block BLK treated as described above 

In the second erase verifying operation , as illustrated in is the A - type block . 
the right side of FIG . 32 , the word lines WL which is in the exemplary embodiment , in the block BLK in which 
unselected in the first erase verifying operation is set to be 10 the first short circuit defect occurs , a certain even - number 
the erase verifying target . That is , the WL drivers 30 - ( 41 + 3 ) , word line WL ( 2i ) and an odd - number word line WL ( 2i - 1 ) 
30 - ( 41 + 4 ) ( i is and integer between 0 and 4 ) , and 30 - 23 select which is adjacent to the even - number word line WL ( 2i ) on 
each of the word line WL ( 4i + 3 ) , the word lines WL ( 41 + 4 ) , the source side are controlled as one set . That is , the row type 
and WL23 , and apply the erase verifying voltage VCG _ EV control circuit commonly controls two word lines WL ( 2i ) 
to these word lines WL ( 41 + 3 ) , WL ( 41 + 4 ) , and WL23 . In 15 and WL ( 21 - 1 ) , and treats these two word lines WL ( 2i ) and 
addition , the WL drivers 30 - ( 4i + 1 ) , 30 - ( 41 + 2 ) , 30 - 21 , and WL ( 21 - 1 ) as one word line . 
30 - 22 apply the voltage VREAD to each of the word line This state is illustrated in FIG . 35 . FIG . 35 illustrates an 
WL ( 4i + 1 ) , the word lines WL ( 4i + 2 ) , WL21 , and WL22 . example of a case where the short circuit defect occurs 

In addition , the WL driver 30 - 0 applies the voltage VSG between the word lines WL1 and WL2 . In this case , the row 
to the word line WLO . 20 type control circuit treats the word lines WL1 and WL2 as 

Others are the same as those at the time of the reading one word line . Therefore , the word lines WL1 and WL2 in 
operation . Subsequently , the erase verifying operation is which the short circuit defect occurs may be treated as a 
performed with respect to the finger FNG1 . normal word line . The block BLK treated as described above 

1 . 3 Effects According to Exemplary Embodiment is the B - type block . 
With a configuration according to the exemplary embodi - 25 According to the exemplary embodiment described 

ment , it is possible to efficiently reduce defects . The effects above , the row type control circuit controls the block BLK 
will be described below . in which the short circuit defect is detected , for every two 

FIG . 33 is a diagram schematically illustrating a memory word lines WL . More specifically , the row type control 
cell array of a three - dimensional stacked NAND type flash circuit controls the two word lines WL , in which the short 
memory . As one of the types of defects which may occur in 30 circuit defect is detected , to have the same potentials . In this 
the NAND type flash memory , there is a short circuit of the case , the set of the two word lines WL which are controlled 
word lines WL which are adjacent to each other ( hereinafter , in the same way is changed in response to the position of the 
simply referred to as a short circuit defect ) . Unless particular short circuit defect . For this reason , the page numbers ( a 
measures are taken , a block BLK in which the short circuit memory capacity ) are reduced to be half of that in the case 
defect occurs is registered in the bad block , and the entire 35 of the normal block , but the block BLK in which the short 
region cannot be used any more . circuit defect exists may be used without being the bad 
However , the block BLK in the three - dimensional stacked block . In other words , it is possible to efficiently reduce the 

flash memory is an assembly of the plurality of fingers FNG , short circuit defects , and as a result , it is possible to improve 
and the memory capacity for one block BLK is very large . the manufacturing efficiency of the NAND type flash 
Accordingly , the bad block caused by a few short circuit 40 memory . 
defects makes the manufacturing efficiency of the NAND Meanwhile , in the manufacturing process of the NAND 
type flash memory to be deteriorated . type flash memory , it is possible to detect whether the short 

There are two types of the short circuit defects in response circuit defect occurred during the process is the first short 
to the position as illustrated in FIG . 33 . One is a short circuit circuit defect or the second short circuit defect through a 
defect between a certain even - number word line WL ( 2i ) and 45 defect detection test . Further , according to the exemplary 
an odd - number word line WL ( 2i + 1 ) which is adjacent to the embodiment , there is no need to specify the position where 
even - number word line WL ( 2i ) on the drain side . This is the short circuit defect occurs as long as it is possible to 
referred to as a first short circuit defect . The other one is a detect whether the short circuit defect is the first short circuit 
certain even - number word line WL ( 2i ) and an odd - number defect or the second short circuit defect . Therefore , it is 
word line WL ( 2i + 1 ) which is adjacent to the even - number 50 possible to realize the exemplary embodiment through a 
word line WL ( 2i ) on the source side . This is referred to as simple test method . 
a second short circuit defect . 
Here , in the exemplary embodiment , in the block BLK in 2 . Second Embodiment 

which the first short circuit defect occurs , a certain even 
number word line WL ( 2i ) and an odd - number word line 55 Next , a semiconductor memory device and a memory 
WL ( 21 + 1 ) which is adjacent to the even - number word line system according to the second embodiment will be 
WL ( 21 ) in the drain side are controlled as one set . That is , the described . The exemplary embodiment relates to a method 
row type control circuit including the row decoder 120 and of reading block information by the controller 200 in the first 
the driver circuit 130 commonly controls two word lines embodiment . Hereinbelow , the description will focus on the 
WL ( 2i ) and WL ( 2i + 1 ) , and treats these two word lines 60 differences from the first embodiment . 
WL ( 2i ) and WL ( 2i + 1 ) as one word line . In other words , the As a method of obtaining the block information by the 
same data is retained in each of the memory cell transistors controller 200 , the controller 200 may read the block table , 
MT ( 2i ) and MT ( 2i + 1 ) in such a manner that one memory which is read at the time of the power - on read operation , 
cell transistor MT is formed of these two memory cell from the NAND type flash memory 100 . In addition , as 
transistors MT ( 2i ) and MT ( 2i + 1 ) . 65 another method , the block information may be read from the 

This state is illustrated in FIG . 34 . FIG . 34 illustrates an latch circuit 40 of the block decoder 20 . In the exemplary 
example of a case where the short circuit defect occurs embodiment , the latter method will be described . 



US 9 , 947 , 408 B2 
25 26 

2 . 1 Method of Reading Block Information memory 100 and determines whether or not “ FFh ” is cor 
The method of reading block information from the block rectly read as read data ( step S37 ) 

decoder 20 will be described with reference to FIG . 36 . The When “ FFh ” is correctly read ( YES in step S37 ) , the 
reading of the block information is performed after the controller 200 reads the first one byte of data on the last page 
NAND type flash memory 100 is turned on , and , for 5 ( the page address PA = " 47 " ) in the target block BLK from 
example , before the first access to the NAND type flash the NAND type flash memory 100 . In addition , the control 
memory 100 . In addition , the reading of the block informa - ler 200 determines whether or not " FFh ” is correctly read 
tion may be performed while there is no access command ( step S38 ) . 
from the host apparatus 300 . Through the second check , the upper bit of the block 

In addition , the controller 200 retains the block table , for 10 information is determined . That is , when “ data ” is not 
example , in the internal memory 220 . Each entry of the correctly read at least one of step S37 and step S38 ( NO in 
block table retains the normal block data “ 00 ” for each block step S37 and NO in step S38 ) , the corresponding block BLK 
as an initial value . In addition , the block table of the internal is likely to be the block BLK which is not accessible by the 
memory 220 is updated by reading the block information by A mode access command , that is , the B - type block , or the 
using the method described below . 15 bad block . Thus , the controller 200 rewrites the upper bit of 

As illustrated in the drawings , when the NAND type flash the block information in the corresponding block BLK to 
memory 100 is turned on , the controller 200 erases data of “ 1 ” ( step S39 ) . 
the entire blocks BLK in the NAND type flash memory 100 On the other hand , when “ FFh ” is correctly read ( YES in 
( step S30 ) . As a result , in the memory cell array 110 , all bits step S37 and YES in step S38 ) , the controller 200 determines 
of data in the region accessible by the controller 200 are set 20 that the corresponding block BLK is the A - type block . 
to “ 1 ” . Accordingly , the upper bit of the block information on the 

Next , the controller 200 performs a first check . That is , the corresponding block is determined to be " O " . 
controller 200 accesses the first block BLK among the Subsequently , the controller 200 performs a third check . 
blocks to be a target for reading the block information at the That is , the controller 200 issues the B mode access com 
normal mode ( step S31 ) . Specifically , the normal access 25 mand described in the first embodiment . Due to this , the 
command is issued so as to read data from the target block controller 200 reads data from the target block BLK by 
BLK without issuing the A mode access command and the accessing the NAND type flash memory 100 at the B mode 
B mode access command in the first embodiment . The ( step S40 ) . The reading operation at the B mode is as 
reading operation at the normal mode is as described with described with reference to FIG . 21 and FIG . 27 in the first 
reference to FIG . 15 , FIG . 23 , and FIG . 24 in the first 30 embodiment . 
embodiment . The controller 200 reads the first one byte of data on the 
Meanwhile , the controller 200 reads the first one byte of first page in the target block BLK from the NAND type flash 

data ( the column address CA = " 00 " ) on the first page ( the memory 100 and determines whether or not " FFh ” is cor 
page address PA = " 00 " ) in the target block BLK from the rectly read as read data ( step S41 ) . 
NAND type flash memory 100 . Since data in the block BLK 35 When “ FFh ” is correctly read ( YES in step S41 ) , the 
is erased in step S30 , all bits of the read data is “ 1 ” , that is , controller 200 reads the first one byte of data on the last page 
“ FFh ” is supposed to be read in hexadecimal . Accordingly , ( the page address PA = " 47 " ) in the target block BLK from 
the controller 200 determines whether or not " FFh ” is the NAND type flash memory 100 . In addition , the control 
correctly read ( step S32 ) . ler 200 determines whether or not " FFh ” is correctly read 
When “ FFh ” is correctly read ( YES in step S32 ) , the 40 ( step 842 ) . 

controller 200 reads the first one byte of data ( the column Through the third check , the lower bit of the block 
address CA = “ 00 ” ) on the last page ( the page address information is determined . That is , when “ FFh " is not 
PA = " 95 ' ) in the target block BLK from the NAND type correctly read at least one of step S41 and step S42 ( NO in 
flash memory 100 . In addition , the controller 200 determines step S41 and NO in step S42 ) , the corresponding block BLK 
whether or not “ FFh ” is correctly read ( step S33 ) . 45 is likely to be the block BLK which is not accessible by the 

When “ FFh ” is correctly read ( YES in step S33 ) , the B mode access command , that is , the A - type block , or the 
controller 200 determines that the corresponding block BLK bad block . Thus , the controller 200 rewrites the lower bit of 
is the normal block . Accordingly , the block information is the block information in the corresponding block BLK to 
determined to be " 00 " , and block information is read from “ 1 ” ( step S43 ) . 
the next block BLK ( NO in step S34 , and step S35 ) . 50 On the other hand , when “ FFh ” is correctly read ( YES in 
When " data " is not correctly read at least one of step S32 step S41 and YES in step 842 ) , the controller 200 determines 

and step S33 ( NO in step S32 and NO in step S33 ) , the that the corresponding block BLK is the B - type block . 
corresponding block BLK is likely to be the block BLK Accordingly , the lower bit of the block information on the 
which is not accessible by the normal access command , that corresponding block is determined to be “ O ” . 
is , the A - type block , the B - type block , or the bad block . 55 Through the above - described second check and third 
Thus , the controller 200 performs a next second check . That check , the upper bit and the lower bit of the block informa 
is , the controller 200 issues the A mode access command tion on the A - type block , the B - type block , and the bad block 
described in the first embodiment . Due to this , data is read are determined . 
from the target block BLK by accessing the NAND type 2 . 2 Specific Example of Method of Reading Block Infor 
flash memory 100 at the A mode ( step S36 ) . The reading 60 mation 
operation at the A mode is as described with reference to Next , the specific example of the method of reading block 
FIG . 18 , FIG . 25 , and FIG . 26 in the first embodiment . Note information will be described with reference to FIG . 37 to 
that , the case where data is not correctly read includes a case FIG . 40 . Each of FIG . 37 to FIG . 40 illustrates the flow of 
where data other than " FFh ” is read , or a case where the the operation for determining the normal block , the A - type 
reading operation is failed . 65 block , the B - type block , and the bad block . In addition , a 

The controller 200 reads the first one byte of data on the circle which is added to an arrow from the row decoder 120 
first page in the target block BLK from the NAND type flash to block BLK represents that the transistor 21 is turned on 
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and a proper voltage for reading data is transmitted to the controls the second block at the second mode . Each of the 
block BLK from the row decoder 120 , and an X mark first block and the second block includes the first word line 
represents that the transistor 21 is turned off , and a proper ( WLn + 1 ) and the second word line ( WLn - 1 ) , and the third 
voltage is not transmitted to the block BLK from the row word line ( WLn ) which is positioned between the first word 
decoder 120 . 5 line ( WLn + 1 ) and the second word line ( WLn - 1 ) . The row 

2 . 2 . 1 Case of Normal Block control circuit may independently control potentials of the 
First , a case where the block to be checked is the normal first to third word lines in each of the first block and the 

block will be described with reference to FIG . 37 . second block . In addition , the row control circuit selects the 
As illustrated in FIG . 37 , in the case of the normal block , third word line ( WLn ) and does not select both of the first 

the corresponding row decoder 120 retains “ 00 ” as the block 10 word line and the second word line ( WLn + 1 and WLn - 1 ) at 
information . Accordingly , it is possible to correctly read data the first mode ( the normal BLK control ) . Further , the row 
through read access at the normal mode in step S31 . As a control circuit selects both of the first word line and the third 
result , at the time of completing the first check , it is word line ( WLn and WLn + 1 ) , and does not select the second 
determined that the corresponding block is the normal block . word line ( WLn - 1 ) at the second mode ( the A - type BLK 

2 . 2 . 2 Case of A - Type Block 15 control ) . 
Next , a case where the block to be checked is the A - type With such a configuration , even in a case where the short 

block will be described with reference to FIG . 38 . circuit defect occurs in the word line , the word line may be 
As illustrated in FIG . 38 , in the case of the A - type block , treated as a usable block without causing the block BLK to 

the corresponding row decoder 120 retains “ 01 ” as the block be the bad block . 
information . Accordingly , it is not possible to correctly read 20 Meanwhile , the exemplary embodiment is not limited to 
data in the first check ( the read access at the normal mode ) . the above - described embodiments , various modifications 
More specifically , since the select gate lines SGD and SGS may be employed . For example , in the above - described 
are set to be 0 V , all bits of the read page data become “ O ” . embodiments , FIG . 33 illustrates the example of two types 

Next , in the second check ( the read access at the A mode ) , of short circuit in the word line . However , it is not neces 
the signal CMD _ A is issued by the sequencer 170 , and thus 25 sarily limited to the short circuits in the word lines which are 
it is possible to correctly read data . In addition , in the third adjacent to each other , and for example , the above - described 
check ( the read access at the B mode ) , it is not possible to embodiments are applicable to a short circuit defect which 
correctly read data . As a result , the corresponding block is occurs between the word line WL ( 2i - 1 ) and WL ( 2i + 1 ) in 
determined to be the A - type block . FIG . 33 . Further , the short circuit may occur not only 

2 . 2 . 3 Case of B - Type Block 30 between two word lines , but also , between three or more of 
Next , a case where the block to be checked is the B - type word lines , for example . In this case , the same page 

block will be described with reference to FIG . 39 . addresses are allocated to each of the three word lines WL 
As illustrated in FIG . 39 , in the case of the B - type block , in which the short circuits occurs . In addition , with an 

the corresponding row decoder 120 retains “ 10 ” as the block increase in the types of the short circuit defects , the block 
information . Accordingly , in the first check and second 35 information is also not limited to 2 - bit data illustrated in 
check , it is not possible to correctly read data . In the third FIG . 10 , but may be 3 - bit or higher data . 
check , since the signal CMD _ B is issued by the sequencer Moreover , a flow chart illustrated in FIG . 36 in the second 
170 , it is possible to correctly read data . As a result , the embodiment is also properly modified . For example , in the 
corresponding block is determined to be the B - type block . example of FIG . 36 , when checking the block BLK , data 

2 . 2 . 4 Case of Bad Block 40 read from two pages of the first page and the last page is 
Next , the case where the block to be checked is the bad checked . However , the page number is not necessarily 

block will be described with reference to FIG . 40 . limited to two pages , but data may be read from one of the 
As illustrated in FIG . 40 , in the case of the bad block , the two pages or three or more pages . In addition , FIG . 36 

corresponding row decoder 120 retains “ 11 ” as the block illustrates an example of checking the first 1 byte data on 
information . Accordingly , the row decoder 120 does not 45 each page , but this is merely an example . For example , the 
select the corresponding block BLK even through the access check for whether or not all bits on one page are “ 1 ” may be 
methods of the normal mode , the A mode , and the B mode . performed , or the check for less than 1 or 2 or more bytes 
Therefore , it is not possible to correctly read data through all of data may be performed . In addition , the procedure of the 
of the first check to the third check . As a result , the first check to the third check may be properly changed . 
corresponding block is determined as the bad block . 50 Further , in the example of FIG . 36 , when data is correctly 

2 . 3 Effects According to Exemplary Embodiment read in the second check , the corresponding block BLK is 
As a method of reading the block information from the determined to the A - type block . 

NAND type flash memory 100 by the controller 200 , for Moreover , the configuration of the block decoder 20 is not 
example , it is possible to use the method described in the limited to that illustrated in FIG . 12 . For example , in FIG . 
exemplary embodiment . 55 12 , in addition to the latch circuit 40 , the latch circuit which 

retains a bad block flag indicating the bad block may be 
3 . Modification Example or the Like provided . Such an example is illustrated in FIG . 41 . As 

illustrated in FIG . 41 , the block decoder 20 is further 
As described above , the semiconductor memory device provided with a latch circuit 52 and an inverter 53 . The latch 

according to the exemplary embodiment includes the first 60 circuit 52 retains “ 1 ” when the corresponding block BLK is 
block and the second block ( the normal BLK and the A - type the bad block . Accordingly , in the block decoder 20 corre 
BLK ) , and the row control circuit ( R / D and Driver ) . The first sponding to the bad block , the signal line TG is constantly 
block and the second block ( the normal BLK and the A - type kept as “ L ” level . 
BLK ) are provided with a plurality of memory cell transis . In addition , the method of allocating page addresses 
tors which are capable of saving data . The row control 65 illustrated in FIG . 4 to FIG . 9 is merely an example , other 
circuit ( R / D and Driver ) controls the first block at the first allocating methods may also be applicable . For example , 
mode at the time of the writing and reading data , and first , the page address may be allocated corresponding to the 
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30 
entire word lines WL of the finger FNGO and then the page are arranged on the upper side thereof , is in a range of , for 
address may be allocated to the word line WL of the finger example , 12V to 13 . 6 V . However , the voltage value is not 
FNG1 . limited thereto , but may be in a range of 13 . 6 V to 14 . 8 V , 

In addition , the embodiments describe the example of the 14 . 8 V to 19 . 0V , 19 . 0V to 19 . 8V , or 19 . 8V to 21 V . An 
NAND type flash memory in which the memory cells are the 5 erasing operation time ( tErase ) may be in a range of , for 
three - dimensionally stacked , but the embodiments are also example , 3 , 000 us to 4 , 000 us , 4 , 000 us to 5 , 000 us , and 
applicable to a flat - type NAND flash memory in which the 4 , 000 us to 9 , 000 us . 
memory cells are two - dimensionally arrayed on the semi - In addition , the memory cell may have , for example , the 
conductor substrate . The embodiments are also applicable to following structure . The memory cell includes a charge 
an FG type in which the charge storage layer is formed of a 10 accumulation film which is disposed on the semiconductor 
conductive film without limited to a MONOS type in which substrate such as a silicon substrate via a tunnel insulating 
the charge storage layer is formed on the insulating film . In film having the film thickness of 4 nm to 10 nm . The charge 
addition , the example of the case where one memory cell accumulation film may be a stacked structure of silicon 
transistor MT retains 2 - bit data is described , but one nitride ( SIN ) film having the film thickness of 2 nm to 3 nm , 
memory cell transistor MT may retain 1 - bit data or 3 - bit or 15 an insulating film such as a silicon oxynitride ( SION ) film , 
more of data . and a polysilicon ( Poly - Si ) film having the film thickness of 

The procedure of each step in the flow chart illustrated in 3 nm to 8 nm . The Polysilicon film may contain metal , for 
the above - described embodiments is merely an example , example , ruthenium ( Ru ) . The memory cell includes the 
and thus the procedure may be properly changed . insulating film on the charge accumulation film . This insu 
When one memory cell transistor MT retains 2 - bit data , 20 lating film includes , for example , a silicon oxide ( SiO , ) film 

the threshold voltage thereof , one out of four types of levels having the film thickness of 4 nm to 10 nm , which is 
is obtained in response to the retained data . In a case of four interposed between a lower layer High - k film having the 
types of levels in an order of ascending : an erasing level , an film thickness of 3 nm to 10 nm , and an upper layer High - k 
A level , a B level , and a Clevel , at the time of the reading film having the film thickness of 3 nm to 10 nm . Examples 
operation at the A level , the voltage which is applied to the 25 of materials of the High - k film include hafnium oxide ( HfO ) 
selected word line is , for example , in a range of O V to 0 . 55 and the like . In addition , the film thickness of the silicon 
V . However , the voltage value is not limited thereto , but may oxide film may be greater than the film thickness of the 
be in a range of 0 . 1 V to 0 . 24 V , 0 . 21 V to 0 . 31 V , 0 . 31 V High - k film . A control electrode having the film thickness of 
to 0 . 4 V , 0 . 4 V to 0 . 5 V , or 0 . 5 V to 0 . 55 V . At the time of 30 nm to 70 nm is provided on the insulating film via a film 
the reading operation at the B level , the voltage which is 30 having a film thickness of 3 nm to 10 nm . Here , examples 
applied to the selected word line is , for example , in a range of such a film include a metal oxide film formed of tantalum 
of 1 . 5 V to 2 . 3 V . However , the voltage value is not limited oxide ( TaO ) , a metal nitride film formed of tantalum nitride 
thereto , but may be in a range of 1 . 65 V to 1 . 8 V , 1 . 8 V to ( Tan ) , and the like . As the control electrode , tungsten ( W ) 
1 . 95 V , 1 . 95 V to 2 . 1 V , or 2 . 1 V to 2 . 3 V . At the time of the or the like may be used . It is possible to dispose an air gap 
reading operation at the B level , the voltage which is applied 35 between the memory cells . 
to the selected word line is , for example , in a range of 3 . 0 While certain embodiments have been described , these 
V to 4 . 0 V . However , the voltage value is not limited thereto , embodiments have been presented by way of example only , 
but may be in a range of 3 . 0 V to 3 . 2 V , 3 . 2 V to 3 . 4 V , 3 . 4 and are not intended to limit the scope of the inventions . 
V to 3 . 5 V , 3 . 5 V to 3 . 6 V , 3 . 6 V to 4 . 0 V . A reading operation Indeed , the novel embodiments described herein may be 
time ( TR ) may be in a range of , for example , 25 us to 38 us , 40 embodied in a variety of other forms ; furthermore , various 
38 us to 70 us , or 70 us to 80 us . omissions , substitutions and changes in the form of the 

The writing operation includes a program operation and embodiments described herein may be made without depart 
verifying operation . In the writing operation , the voltage ing from the spirit of the inventions . The accompanying 
which is firstly applied to the word line selected at the time claims and their equivalents are intended to cover such 
of program operation is in a range of , for example , 13 . 7 V 45 forms or modifications as would fall within the scope and 
to 14 . 3 V . However , the voltage value is not limited thereto , spirit of the inventions . 
but the voltage , which is firstly applied to the selected word What is claimed is : 
line at the time of the writing operation for the odd - number 1 . A semiconductor memory device , comprising : 
word line , and may be in a range of 13 . 7 V to 14 . 0 V , or 14 . 0 a block of memory cells including a first memory cell , a 
V to 14 . 6 V , and the voltage , which is firstly applied to the 50 second memory cell , and a third memory cell ; 
selected word line at the time of the writing operation for the a first word line electrically connected to a gate of the first 
even - number word line may have different values . When the memory cell ; 
program operation is assumed to be an incremental step a second word line extending adjacent to the first word 
pulse program ( ISPP ) , about 0 . 5 V of voltage may be applied line and electrically connected to a gate of the second 
as a step up voltage . The voltage which is applied to the 55 memory cell ; 
unselected word line is in a range of , for example , 6 . 0 V to a third word line extending adjacent to the second word 
7 . 3 V . However , the voltage value is not limited thereto , but line and electrically connected to a gate of the third 
may be in a range of 7 . 3 V to 8 . 4 V , or may be 6 . 0 V or lower . memory cell ; 
A path voltage which is applied to the word line may be a driver configured to supply voltages to the first , second , 
differentiated depending on whether the unselected word 60 and third word lines ; and 
line is the odd - number word line or the even - number word a control circuit coupled to the driver and configured to 
line . A writing operation time ( tProg ) may be in a range of , access the block in a normal mode , a first mode , and a 
for example , 1 , 700 us to 1 , 800 us , 1 , 800 us to 1 , 900 us , or second mode for performing an operation on the block , 
1 , 900 us to 2 , 000 us . wherein 

In the erasing operation , the voltage which is firstly 65 when the control circuit accesses the second memory cell 
applied to a well which is disposed on the upper portion of of the block in the first mode , the control circuit causes 
the semiconductor substrate , and on which the memory cells the driver to supply a voltage to the first word line that 
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is the same as a voltage supplied by the driver to the 
second word line throughout the operation being per - 
formed on the block , and 

when the control circuit accesses the second memory cell 
of the block in the second mode , the control circuit 5 
causes the driver to supply a voltage to the second word 
line that is the same as a voltage supplied by the driver 
to the third word line throughout the operation being 
performed on the block , and 

when the control circuit accesses the second memory cell 10 
of the block in the normal mode , the control circuit 
causes the driver to supply a voltage to the second word 
line that is different from a voltage supplied by the 
driver to the first word line and different from a voltage 
supplied to the third word line by the driver during at 15 
least a part of the operation being performed on the 
block , 

the control circuit accesses the block in the normal mode 
in response to receiving a normal access command , 

the control circuit accesses the block in the first mode in 20 
response to receiving a first access command that is 
directly followed by the normal access command , and 

the control circuit accesses the block in the second mode 
in response to receiving a second access command that 
is directly followed by the normal access command . 25 

2 . The device according to claim 1 , wherein 
the block of memory cells includes a memory string 

which includes the first , second , and third memory cells 
electrically connected in series , the first and second 
memory cells being adjacent memory cells in the 30 
memory string and the second and third memory cells 
being adjacent memory cells in the memory string . 

3 . The device according to claim 2 , wherein 
the first , second , and third memory cells are stacked one 
above the other on a substrate . 35 

4 . The device according to claim 1 , further comprising : 
a memory region storing a block table that indicates 
whether the block is to be accessed in the normal mode , 
the first mode , or the second mode . 

5 . The device according to claim 4 , wherein the block 40 
table further indicates whether or not the block is a bad 
block . 

6 . The device according to claim 1 , wherein 
when the control circuit accesses the second memory cell 

of the block in the first mode , a voltage supplied to the 45 
third word line by the driver differs from a voltage 
supplied to the first and second word lines by the driver 
during the operation , and 

when the control circuit accesses the second memory cell 
of the block in the second mode , a voltage supplied to 50 
the first word line by the driver is different from the 
voltage supplied to the second and third word lines by 
the driver , at least partially during the operation . 

7 . The device according to claim 1 , wherein the operation 
includes a read operation . 

8 . The device according to claim 1 , wherein the operation 
includes a write operation . 

9 . The device according to claim 8 , wherein 
the first memory cell , the second memory cell , and the 

third memory cell are connected to a same bit line , 
when the control circuit accesses the second memory cell 

of the block in the first mode , the same data are written 
in the first memory cell and the second memory cell , 
and 

when the control circuit accesses the second memory cell 
of the block in the second mode , the same data are 
written in the second memory cell and the third 
memory cell . 

10 . The device according to claim 1 , wherein the opera 
tion includes an erase operation . 

11 . The device according to claim 1 , wherein 
a data capacity of the block in the first mode and in the 
second mode is half a data capacity of the block in the 
normal mode . 

12 . The device according to claim 1 , wherein 
the control circuit is further configured to carry out a first 

check operation to read data from predetermined 
memory cells of the block in the normal mode , and set 
an access mode of the block as the normal mode when 
data are successfully read from the predetermined 
memory cells during the first check operation . 

13 . The device according to claim 12 , wherein 
the control circuit is further configured to carry out a 

second check operation to read data from the predeter 
mined memory cells of the block in the first mode , and 
a third check operation to read data from the predeter 
mined memory cells of the block in the second mode . 

14 . The device according to claim 13 , wherein 
the control circuit sets the access mode of the block as the 

first mode , when data are not successfully read from the 
predetermined memory cells during the first check 
operation and the third check operation , and are suc 
cessfully read from the predetermined memory cells 
during the second check operation . 

15 . The device according to claim 14 , wherein 
the control circuit sets the access mode of the block as the 

second mode , when data are not successfully read from 
the predetermined memory cells during the first check 
operation and the second check operation , and are 
successfully read from the predetermined memory cells 
during the third check operation . 

16 . The device according to claim 15 , wherein 
the control circuit sets the block as a bad block , when data 

are not successfully read from the predetermined 
memory cells during any one of the first check opera 
tion , the second check operation , and the third check 
operation . 

* * * * * 


